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PREFACE. 


The  close  anatomical  and  pathological  relationship  existing  between 
the  Eye,  Nose,  Throat  and  Ear,  and  the  fact  that  many  American 
physicians  combine  these  specialties  in  their  practice,  have  led  to  the 
preparation  of  this  work.  To  suit  the  convenience  of  all  readers  it  is 
issued  either  in  one  or  in  twro  volumes.  In  the  two-volume  edition  the 
first  considers  the  Eye,  and  the  second  the  Nose,  Throat  and  Ear.  The 
volumes  are  procurable  separately. 

The  Editors  believe  that  the  uniform  plan  adopted  for  the  work  as  a 
whole  is  calculated  to  produce  a homogeneous  and  effective  result.  The 
distribution  of  subjects  has  been  arranged  along  logical  lines  of  division, 
so  that  each  author  was  enabled  to  treat  his  department  in  its  entirety,  a 
distinct  advantage  in  the  way  of  avoiding  repetition  and  confusion. 
This  simplification  has  resulted  in  the  additional  benefit  of  a mod,  rate 
number  of  chapters.  Their  authorship  has  been  confided  to  contrib- 
utors each  of  whom  had  previously  demonstrated  his  special  ability  in 
connection  with  the  subject  assigned.  Separate  chapters  on  Anatomy 
and  Physiology  have  been  omitted,  as  such  genera!  knowledge  is  pre- 
supposed, but  enough  information  will  be  found  in  connection  with 
each  subject  to  explain  the  pathology  and  symptomatology. 

It  has  been  the  aim  of  the  Editor  of  the  volume  on  the  Eye  to  present 
to  the  profession  a work  which  might  be  not  only  a practical  text-book 
for  students,  but  also,  by  reason  of  ics  containing  the  most  recent  utter- 
ances of  eminent  investigators  in  ophthalmic  science,  a reference  of 
value  for  eye  specialists. 

By  an  arrangement  of  the  subject  whereby  the  reader  is  brought  into 
immediate  clinical  relationship  with  the  patient,  by  the  avoidance  of 
unnecessary  ml.  al  formulae  and  principles,  and  by  the  introduction  of  a 
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comprehensive  chapter  upon  the  Eye  in  Relation  to  General  Diseases, 
an  effort  has  been  made  to  adapt  the  work  to  the  needs  of  genera! 
practitioners  as  well,  and  it  is  hoped  that  these  members  of  the  profession 
may  be  enabled  to  acquire  from  its  pages  a knowledge  of  the  eye  which 
is  so  indispensable  to  the  proper  recognition  and  treatment  of  many 
forms  of  systemic  disease. 
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CHAPTER  I. 

EXAMINATION  OF  THE  EYE. 

By  WILLIAM  CAMPBELL  POSEY,  M.D. 

General  Considerations.  The  student  of  medicine  should  ap- 
proach the  study  of  the  eye  with  a twofold  purpose:  first,  to  obtain 
through  it  further  information  regarding  the  state  of  the  general 
system,  and,  secondly,  to  become  acquainted  with  the  morbid  proc- 
esses which  attack  one  of  the  most  important  organs  of  the  body. 
There  is  no  other  organ  in  the  body  in  which  the  general  systemic 
condition  can  be  studied  to  better  advantage  than  the  eye,  for  it 
presents  in  a compact  form  representation  of  nearly  all  the  tissues  of 
the  body,  and  by  reason  of  the  transparency  of  some  of  its  coats 
the  student  is  enabled  actually  to  witness  physiological  and  patho- 
logical processes  occurring  within  it.  A living  nerve  head,  the  optic 
papilla,  and  the  retinal  vessels  are  unfolded  to  the  gaze  of  the  V1 
thalmologist,  and  an  opportunity  afforded  him  of  observing  the 
perfect  cycle  of  the  supply  of  an  organ  with  arterial,  and  the  escape 

of  its  venous,  blood.  . . , 

For  the  proper  study  of  this  important  organ  it  is  < ssential  that 
the  student  proceed  systematically  and  thoroughly,  for  while  it  often 
happens  that  a trained  clinician  is  enabled  by  the  orief  recital  of 
symptoms  or  by  a rapid  glance  at  the  eye  to  make  a proper  diagnosis, 
it  is  better  that  the  student,  who  has  yet  to  attain  experience  and 
skill,  should  follow  some  settled  order  of  inv istigation,  and  that  tor 
the  purpose  of  future  reference,  as  well  as  to  ensure  accuracy,  he 
should  accustom  himself  to  record  faithfully  all  his  observations  in 
an  appropriate  case-book. 

Inspection  of  the  General  Physical  Condition.  Before  proceeding 
to  an  immediate  inspection  of  ti:e  eye  itself,  it  is  advantageous  that 
the  general  physical  condition  of  the  patient  should  be  taken  account 
of.  For  this  purpose  he  should  be  seated  in  a chair  facing  a win- 
dow, the  student,  with  ids  back  to  the  light,  seating  himself  several 
feet  distant  from  the  patient.  Under  this  strong  illumination  the  entire 
person  of  the  patient  should  be  rapidly  inspected,  and  any  departure 
from  the  normal  io  the  exposed  portions  of  the  skin  and  of  the  glandu- 
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lar  system,  as  well  as  the  character  of  any  eruption,  noted.  Indi- 
cations of  anaemia  or  plethora  should  be  searched  for,  and  any 
evidences  of  jaundice.  Finally,  the  general  expression  of  the  patient 
and  the  presence  or  absence  of  pain,  or  of  any  intolerance  to  light, 
should  be  taken  into  account. 

Inspection  of  the  Eyes  and  Their  Adnexas.  This  general  survey 
of  the  case  being  completed,  the  attention  of  the  student  should  be 
directed  more  especially  toward  the  region  of  the  eyes.  The  shape 
and  general  configuration  of  the  head  and  the  character  of  the 
wrinkles  in  the  skin  of  the  forehead  and  at  the  root  of  the  nose  should 
be  studied.  Any  tendency  toward  facial  asymmetry  should  be 
noted,  and  comparison  made  whether  both  orbits  are  on  the  same 
horizontal  plane,  and  whether  their  cavities  are  deep  or  shallow. 
The  degree  of  prominence  and  the  size  of  the  eyeballs  should  be 
remarked,  and  the  relationship  which  the  eyes  bear  to  one  another. 
Especially  should  the  presence  or  absence  of  inflammation  of  the  eye- 
balls be  taken  into  account;  if  but  one  eye  is  diseased,  its  condition 
should  be  compared  with  that  of  the  sound  eye,  as  comparative 
examinations  of  this  kind  are  frequently  of  great  value.  The  student 
should  carefully  scan  the  region  of  the  sinuses  accessory  to  the  eye, 
to  detect  swelling  or  signs  of  inflammation  in  them.  Any  signs  of 
previous  injury  about  the  eyes  should  be  recorded.  The  attention 
should  then  be  directed  particularly  to  the  lids  as  to  any  inversion  or 
eversion  of  their  edges,  or  thickening  or  distortion  or  swelling  of  them; 
estimation  should  be  made  of  abnormal  narrowness  or  width  of  the 
palpebral  fissures.  The  action  of  the  orbicularis  in  closing  the  lids 
should  be  tested,  and  any  twitching  of  the  lids  and  associated  muscles 
of  the  face  noted.  The  region  of  the  inner  can  thus  should  be  in- 
spected for  evidences  of  swelling,  or  retained  tears,  or  other  signs  of 
faulty  drainage  in  the  lacrymal  apparatus. 

Having  observed  the  general  appearance  oi  *he  patient,  and  having 
obtained  by  the  inspection  of  the  region  of  *he  eyes  in  a general  way 
some  idea  of  the  nature  of  the  ocular  complaint,  before  attempting 
a closer  inspection  of  the  eye  the  student  should  next  obtain  by  care- 
ful questioning  a precise  and  complete  history  of  the  patient’s  family 
and  personal  history. 

Family  and  Personal  History.  The  sex,  race,  and  age  of  the  patient 
should  be  recorded,  and  account  made  of  the  nature  of  the  occupation, 
certain  callings,  by  reason  of  the  accidents  to  which  they  expose  the 
eyes,  and  others,  by  the  enforced  strain  which  they  place  upon  them, 
being  particularly  liable  to  produce  ocular  lesions.  Inquiry  should 
also  be  made  into  tee  marital  relations;  and  if  the  patient  be  married, 
of  the  number  and  health  of  any  offspring.  Any  hereditary  ten- 
dency, particularly  to  ocular  disease  in  the  ancestry,  should  be  re- 
corded, also  the  temperament  of  the  patient,  whether  it  be  sanguine 
or  the  contrary,  in  order  to  ascertain  the  value  and  degree  of  reliance 
to  place  upon  the  patient  s statements  regarding  the  severity  of  the 
symp  oms,  nervous  subjects  exaggerating  and  lymphatic  ones  sup- 
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pressing  their  sensations.  The  habits  should  be  inquired  into,  espe- 
cially regarding  the  use  of  alcohol  and  tobacco.  If  syphilis  be 
suspected,  question  should  be  made  regarding  the  primary  sore,  as 
well  as  the  time  of  appearance  of  any  secondary  manifestations.  All 
previous  illnesses  should  be  taken  account  of,  especially  of  the  exist- 
ence of  gout,  rheumatism,  tuberculosis,  malaria  or  other  dyscrasia. 
The  urine  should  be  tested  in  all  doubtful  cases,  and  its  examination 
made  a part  of  the  routine  in  all  cases  requiring  important  operations 
upon  the  eyeball,  such  as  cataract.  If  the  patient  be  a female,  she 
should  be  questioned  regarding  menstrual  disorders,  and  particularly 
as  to  the  influence  of  the  menstrual  epoch  upon  the  ocular  symptoms. 
Finally,  should  the  inspection  of  the  patient  have  aroused  suspicion 
as  to  involvement  of  the  central  nervous  system,  inquiry  should  be 
made  of  all  possible  sensory  and  motor  disturbances. 

Ocular  History.  Having  obtained  by  direct  and  searching  cross- 
questioning  a precise  knowledge  of  the  antecedents  as  well  as  of  the 
personal  history  of  the  patient,  the  student  is  now  prepared  to  direct 
his  inquiries  to  the  ocular  condition  itself.  He  will  accordingly 
inquire  as  to  the  time  and  manner  of  onset  of  the  present  attack; 
whether  it  was  accompanied  by  pain  or  inflammatory  symptoms, 
the  degree  to  which  vision  was  disturbed,  and  whether  one  eye  or  both 
were  affected.  He  will  inquire  into  previous  attacks  of  ocular  in- 
flammation, and  trace  any  relationship  with  the  present  outbreak. 
Should  the  case  be  one  of  refraction  error,  the  previous  wearing  of 
glasses  and  their  efficacy  in  relieving  the  ocular  symptoms  should  be 
recorded,  also  regarding  the  location  and  character  of  any  head  pain 
and  the  influence  of  the  use  of  the  eyes  in  reading  upon  it.  If  it  bo 
apparent  that  a palsy  of  one  or  more  of  the  extra-ocular  muscat  be 
present,  the  nature  of  the  double  vision  should  be  elicited.  In  line,  the 
student  cannot  be  too  searching  nor  too  persistent  in  his  questioning, 
and  should  exhaust  every  possible  phase  of  the  subject  bn  ore  ap- 
proaching the  direct  and  closer  inspection  of  the  eye  and  its  appen- 
dages 

Direct  Inspection  of  the  Eye  and  Its  Appendages.  For  this  pur- 
pose it  is  necessary  that  the  student  should  approach  the  patient 
sufficiently  close  to  observe  the  finer  structures  of  the  eye  and  to 
permit  of  any  manipulation,  either  with  the  hand  or  with  instruments, 
that  may  be  required;  he  should,  moreover,  refrain  from  handling 
the  eye  any  more  than  is  necessary,  and  endeavor  to  gain  as  much 
information  as  is  possible  by  inspection  with  the  naked  eye, 
without  the  intervention  of  lenses  or  instruments,  lor  such  aids  are 
not  always  at  hand,  and,  moreover,  even  the  lightest  touch  is 
often  sufficient  to  render  sensitive  eyes  so  irritable  that  further  ex- 
amination is  impossible.  In  many  young  children,  and  in  inch- 
viduals  who  have  an  intense  intolerance  to  light,  however,  inspec- 
tion without  hand'd. a;  is  fruitless,  on  account  of  the  tightly  closed 
lids,  so  that  the  observer  will  be  compelled  to  open  them  himself 
before  he  can  obtain  a view  of  the  eye.  This  is  best  accomplished 
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in  young  children  by  the  operator  seating  himself  in  such  a manner 
that  the  light  from  a window  falls  upon  his  right  or  left  side,  while 
the  child’s  head  is  held  firmly  between  his  knees,  the  body  being 
supported  upon  the  lap  of  an  attendant,  who  should  also  grasp  the 
hands,  the  legs  being  left  free.  The  head  being  thus  rendered  im- 
mobile, the  surgeon  can  inspect  the  neighboring  parts  deliberately, 
and  can  examine  the  eye  satisfactorily  by  drawing  the  lids  slowly 
apart,  by  pressing  on  the  inferior  and  superior  orbital  ridges,  or  by 
inserting  a Desmarres  lid  elevator  (Fig.  1)  beneath  them,  always  exer- 


Fig.  1. 


Desmarres’  lid  retractor. 


cising  the  greatest  care  to  avoid  pressure  upon  the  eyeball  itself  for 
tear  of  injuring  the  cornea.  When  there  is  marked  intolerance  to 
light,  a 4 per  cent,  solution  of  muriate  of  cocaine  may  often  be  success- 
tully  employed  to  allay  irritation,  although  in  some  cases  general 
anesthetization  by  chloroform  may  have  to  be  resorted  to  before  a 
satisfactory  examination  can  be  made.  In  adults  it  is  possible  to 
examine  even  the  most  sensitive  eyes  by  making  gentle  traction  on 
the  lids  by  drawing  them  toward  the  inferior  and  superior  orbital 
ridges,  thereby  avoiding  pressure  upon  the  eyeball  itself 

The  Lids.  The  character  of  any  changes  which  have  been  noted 
in  the  lids  during  the  general  inspection  should  now  be  studied  more 
carefully,  especial  care  being  devoted  to  the  condition  of  their  mar- 
gins, as  to  misplaced  cilia  or  the  presence  of  pedicula;,  and  the  char- 
acter of  any  incrustation  or  swellings. 

Lacrymal  Apparatus.  The  region  of  the  inner  canthus  should  be 
inspected  most  rigorously,  any  localized  injection  of  the  conjunctiva 
or  collection  of  tears  or  mucus  at  that  point  exciting  the  suspicion  of 
obstruction  in  the  proper  canalization  u*  Mie  spprpt.inn  frr»m 
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the  inner  canthus  should  be  examined  for  small  growths  or  foreign 
bodies.  The  conjunctiva  of  the  lids,  palpebral  conjunctiva,  should 
then  be  inspected,  and  any  change  in  its  vascularity  or  in  the  character 
of  its  secretion,  and  the  presence  of  granulations  or  ioreign  bodies, 
noted.  To  examine  the  conjunctiva  of  the  retrotarsal  folds  and  the 
cul-de-sacs,  it  is  necessary  to  evert  the  lids;  this  is  readily  accom- 
plished in  the  case  of  the  lower  cul-de-sac  by  drawing  the  lower  lid 
gently  down  with  the  index  finger  of  the  right  hand,  while  the  patient 
is  told  to  direct  his  gaze  upward.  Inspection  of  the  upper  cul-de-sac 
is  less  simple,  and  is  performed  by  grasping  the  edge  of  the  upper  lid 
and  a few  cilia  with  the  thumb  and  index  finger  of  the  right  hand, 
and  by  depressing  the  upper  edge  of  the  cartilage  of  the  lid  with  a 
finger  of  the  left  hand,  or  with  some  convenient  instrument,  such  as 
a probe,  while  the  patient  looks  steadily  downward.  By  requesting 
the  patient  to  direct  his  gaze  still  further  downward  the  palpebral 
portion  of  the  lacrymal  gland  may  be  brought  into  view.  The  bulbar 
conjunctiva  is  ordinarily  invisible  save  for  the  few  bloodvessels  which 
are  distributed  through  it.  The  color  of  the  sublying  sclera  should 
be  noted,  and  any  undue  vascularity  and  prominences  taken 

account  of.  , , , ^ , , , , , 

Before  proceeding  further,  it  is  desirable  that  the  student  should 

have  a clear  idea  of  the  vascular  supply  of  the  exterior  of  the  eye, 
in  order  that  he  may  appreciate  the  different  forms  of  congestion 
peculiar  to  the  vessels  of  the  several  tissues,  as  no  other  symptom 
gives  surer  indication  of  the  location  of  oculai  lesions. 

Bloodvessels  of  the  Exterior  of  the  Eye.  The  vascular  supply  C 
the  exterior  of  the  eye  may  be  grouped  for  convenience  into  three 
systems:  1.  The  Posterior  Conjunctival  Vessels,  or  the  vessels  proper 
to  the  conjunctiva.  2.  The  Anterior  Ciliary  Vessels.  These  consist 
of  (a)  perforating  arteries  and  veins,  and  (b)  non-perforating  arteries 
and  veins.  The  perforating  arteries  supply  the  sclerotic,  ins  and 
ciliary  body,  their  veins  receiving  the  blood  from  the  canal  of  Schlemm 
and  the  ciliary  body.  These  vessels  are  visible  in  health  as  several 
comparatively  large  tortuous  vessels  which  perforate  the  globe  about 
5 mm.  from  the  corneal  limbus.  The  non-pen  orating  or  episcleral 
vessels,  which  are  branches  from  the  anterior  ediary  vessels,  are  very 
numerous  and  form  a zone  of  closely  set  vessels  around  the  cornea. 
They  are  invisible  in  health.  3.  The  Anterior  Conjunctival  Vessels 
and  their  Loop-plexus  on  the  Corned  Border.  These  are  the  vessels 
proper  to  the  margin  of  the  corr.o.a  and  immediately  adjacent  zone 
of  conjunctiva,  and  it  is  by  means  of  these  numerous  minute  branches 
which  are  offshoots  of  the  anterior  ciliary  vessels  that  systems  1 and 

2 anastomose.  (Plate  I.,  Fig.  1.)  , 

Conjunctival  congestion  ;s  ihe  name  given  to  indicate  that  iorm  o 
congestion  which  is  caused  by  an  injection  of  the  posterior  con- 
junctival vessels.  The  injection  is  most  marked  at  the  fornix  and 
its  immediate  neighborhood,  where  these  vessels  are  most  numerous, 
and  is  less  notice  able  around  the  cornea.  The  vessels  being  situated 
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in  the  conjunctiva,  may  be  made  to  slide  readily  over  the  globe,  anti 
are  easily  emptied  by  pressing  on  the  lid  with  the  finger.  In’  this 
form  of  congestion  the  conjunctiva  assumes  a yellow  or  brick-red  hue, 
especially  in  the  region  of  the  inner  canthus,  and  there  is  more  or  less 
mucopurulent  discharge.  Conjunctival  congestion  is  diagnostic  of 
conjunctivitis.  (Plate  I.,  Fig.  2.) 

Ciliary  or  circumcomeal  congestion  is  the  name  given  to  an  injection 
which  is  most  marked  in  the  zone  immediately  around  the  cornea, 
and  gradually  fades  at  the  periphery  of  the  globe.  It  is  caused 
by  injection  of  the  anterior  ciliary  and  anterior  conjunctival  vessels. 
As  these  are  situated  beneath  the  conjunctiva,  they  cannot  be  dis- 
placed or  made  to  disappear  by  pressure  on  the  lid.  There  is  no 
accompanying  discharge.  In  this  form  of  congestion  the  circumcor- 
neal  region  assumes  either  a pinkish  or  a scarlet  hue,  while  in  other 
cases  deep-seated  patches  of  a lilac  or  violaceous  color  appear.  Ciliary 
injection  indicates  disease  in  the  cornea,  iris,  or  ciliary  body;  when 
the  peculiar  lilac-colored  patches  are  present,  disease  of  the  deeper 
lying  tissues,  the  sclera,  and  ciliary  body  is  indicated;  and  when 
observed  in  connection  with  enlargement  of  the  episcleral  veins,  a 
chronic  increase  of  intra-ocular  tension — glaucoma — mav  be  sus- 
pected. (Plate  I.,  Fig.  3.) 

Mixed  Forms  of  Congestion.  On  account  of  the  free  anastomosis 
of  the  three  groups  of  vessels,  it  frequently  happens  that  there  is 
merging  of  the  different  types  of  congestion  into  one  another.  It 
should  be  borne  in  mind,  however,  that  while  a prolonged  ciliary 
congestion  gradually  produces  more  or  less  conjunctival  congestion, 
the  converse  is  not  true,  for  a conjunctivitis  will  not  excite  a ciliarv 
injection  unless  the  cornea  or  iris  also  is  affected. 

The  Cornea.  The  shape,  the  general  curvatu™  ot  the  cornea,  and 
the  position,  extent,  and  density  of  all  irregularities  and  opacities  in 
it,  should  be  studied  on  account  of  the  important  bearing  which  they 
have  upon  the  vision  and  refraction  of  the  eye.  For  this  purpose 
two  methods  are  available : examination  of  the  corneal  reflex  and 
direct  inspection. 

Examination  of  the  Corneal  Reflex.  When  the  light  from  a win- 
dow is  permitted  to  fall  directlv  upon  the  cornea,  and  the  eyes  are 
made  to  follow  the  finger  of  the  surgeon  while  it  is  moved  in 
various  directions,  it  will  le  noticed,  if  there  be  any  irregularity 
upon  the  surface  of  the  cornea,  that  the  image  of  the  window 
bars  which  is  thrown  upon  it,  instead  of  being  reflected  clear 
and  well  defined,  will  be  broken  and  ill  defined  at  these  points. 
The  same  principle  is  made  use  of  in  the  application  of  the  Placido 
disk. . (Fig.  2.)  This  consists  of  a target  on  which  are  con- 
centric alternate  black  and  white  circles,  with  a central  perforation. 
In  its  employment,  the  patient  should  be  placed  with  his  back 
to  the  light,  the  surgeon  viewing  the  reflection  of  the  image  of 
the  circles  upon  the  cornea  through  the  opening  in  the  centre  of 
the  disk.  Any  irregularity  or  excessive  difference  in  the  curvature 
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of  the  meridians  of  the  cornea  will  be  manifested  by  a break  or  dis- 
tortion in  the  circles.  The  corneal  reflex  should  always  be  studied 


Fig.  2. 


Placido’s  disk,  or  keratoscope. 


as  part  of  the  routine  ophthalmoscopic  examination,  the  observer 
stationing  himself  for  this  purpose  behind  and  to  one  side  of  the 
patient’s  head,  so  as  to  have  the  patient’s  face  in  shadow.  The  light 


Fig.  3. 


Corneal  loupe. 


is  then  thrown  upon  the  eye  by  a plane  mirror, 
fully  studied  through  a hole  in  the  mirror. 


and  the  shadows  care- 
(Vide  Retinoscopy.) 
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The  most;  accurate  and  exhaustive  method  of  studying  the  shape 
of  the  cornea  by  utilizing  the  reflex  that  it  casts  is  by  means  of  the 
ophthalmometer.  (Fide  page  114.) 

Examination  by  Direct  Inspection.  This  may  be  done  with  the  naked 
eye,  by  means  of  a monocular  magnifying  lens  (the  corneal  loupe) 


Fig.  4. 


Jackson’s  binocular  magnifier. 


(Fig.  3),  by  a binocular  magnifier  (Jackson’s)  (Fig.  4),  by  oblique 
illumination,  and,  finally,  if  it  be  the  purpose  to  study  minute  changes 
m the  cornea,  a compound  microscope  may  be  used  which  has  been 
specially  constructed  for  this  purpose. 


Fig.  5. 


Oblique  or  focal  illumination. 


two^!LT£lnati01?  0f  the  ,C"Ta  hy  ohll(lue  or  f°cal  illumination, 
convt  x lenses  of  several  inches  focus  are  necessary,  one  to  be 

used  to  concentrate  the  light  upon  the  cornea,  while  the  other  is 
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employed  as  a magnifier,  through  which  the  illuminated  surface  may 
be  studied.  (Fig.  5.)  The  patient  should  be  seated  in  a dark  room 
with  the  light  on  the  temporal  side  and  slightly  in  front  of  the  plane 
of  the  patient’s  face.  This  method  is  extremely  valuable,  for  by  vary- 
ing the  distance  of  the  lens  from  the  eye  it  is  possible  to  study  not  only 
changes  in  the  cornea,  but  also  those  in  the  anterior  chamber,  iris,  and 
lens;  and  if  the  pupil  be  dilated  and  the  light  thrown  almost  perpendic- 
ularly into  the  eye,  changes  in  the  anterior  layers  of  the  vitreous 
may  be  made  out  as  well. 

Loss  of  substance  in  the  corneal  epithelium  may  be  demonstrated  by 
instilling  a drop  of  fluorescin  into  the  eye  (Gruebler  s fluorescin,  2 per 
cent.;  carbonate  of  sodium,  3.5  per  cent.),  the  surface  from  which  the 
epithelium  is  removed  being  stained  greenish  yellow  by  the  drug, 
while  the  rest  of  the  membrane  remains  clear. 

The  sensitiveness  of  the  cornea  is  tested  best  by  gently  touching  it 
with  a wisp  of  cotton:  if  sensation  be  unimpaired,  the  eye  will  wink 
reflexly;  but  if  the  lids  remain  immobile,  further  investigation  of  the 
sensibility  of  the  skin  of  the  surrounding  tissue  should  be  made  with 
an  aesthesiometer,  to  determine  the  extent  of  the  anaesthesia. 

The  anterior  chamber  should  be  examined  in  respect  to  its  depth  anti 
contents ; among  the  latter  which  the  chamber  may  contain  being 
blood,  or  hyphcema;  pus,  or  hypopyon,  and  foreign  bodies. 

The  Iris.  In  the  examination  of  the  iris,  the  attention  should  be 
directed  chiefly  to  its  color,  to  the  appearance  of  its  stroma,  and  espe- 
cially to  the  size,  position,  and  behavior  of  the  pupil.  The  color  of  the 
iris  is  due  to  the  amount  and  distribution  of  the  pigment  in  it;  in 
albinism,  where  there  is  an  absence  of  pigment,  the  iris  is  translucent 


Fig.  6. 


U'e  irk  (Fuchs.) 


and  in  newly  born  children  it  is  almost  invariably  of  a light  grayish 
blue.  The  irides  may  differ  in  color  in  the  two  eyes,  chromatic  asym- 
metry; or  parts  of  the  same  iris  may  be  colored  differently,  piebald 
iris.  Discoloration  oi  the  iris  should  always  excite  suspicion  of 
inflammation  of  membrane. 


When  viewed  through  a magnifying  glass,  with  the  aid  of  oblique 
illumination,  the  iris  is  seen  to  be  composed  of  a series  of  elevations 
(Fig.  6)  and  depressions,  the  former  being  occasioned  by  the  blood- 
vessels, which  run  radially  from  the  base  of  the  iris  to  the  pupil ; 
while  the  depressions  correspond  to  crypts  in  the  stroma  of  the  iris, 
and  are  found  chiefly  near  the  pupillary  margin.  Although  these 
elevations  and  depressions  are  sharp  and  distinct  in  the  normal  eye, 
they  become  blended  in  inflammation,  which  constitutes  an  important 
sign  of  iritis. 

Changes  in  the  plane  of  the  iris,  tears  in  its  pupillary  edge  and  base, 
and  any  wave-like  movements  on  its  surface,  iridodonesis,  should  be 
searched  for  carefully.  Thickening  and  vascularity  of  the  membrane 
should  be  remarked  and  the  character  of  any  nodulation  noted. 

The  Pupil.  The  chief  characteristics  of  the  healthy  pupil  are  its 
circular  outline  and  its  mobility. 

The  size  of  the  pupil  varies  greatly  in  health,  ranging  from  2.44  to 
5.82  millimetres,  being  influenced  by  age  and  refraction,  and  is  directly 
dependent  upon  the  stimulation  of  the  light,  accommodation  and  con- 
vergent impulses  which  it  receives.  Woinow  places  the  average  at 
4.14  millimetres.  As  a rule,  age  causes  the  pupil  to  grow  smaller,  and 
it  is  also  more  likely  to  be  smaller  in  hypermetropia  than  in  myopia. 
Its  width  may  be  ascertained  by  means  of  the  pupillometer,  which 
consists  of  a scale,  preferably  of  glass,  graduated  in  circles  ranging  from 
1 to  8 millimetres.  (Fig.  7.)  This  is  held  close  to  the  eye,  and  while 

Fig.  7. 
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Hirschberg’s  pupillometer. 


the  patient  fixes  his  gaze  upon  some  distant  object,  the  circle  should 
be  found  which  corresponds  with  the  diameter  of  the  pupil.  Until 
the  student  has  acquired  sufficient  skill  to  enable  him  to  obtain  an 
accurate  measurement  of  the  pupil  by  simple  inspection,  some  such 
scale  should  be  employed  in  all  cases. 

The  pupil  should  be  round,  but  this  is  usually  prevented  by  astig- 
matism, which  gives  it  an  oval  appearance;  it  should  also  be  situated 
slightly  to  the  nasal  side  of  the  centre  of  the  cornea. 

The  separation  of  the  pupils  from  each  other  varies  with  age  and 
sex  and  with  the  form  of  the  face;  in  adults  it  has  an  average  of  58 
mm.,  £ i though  Nagel  places  it  at  63  mm. 
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The  pupil  is  rarely  clear  black,  the  anterior  surface  of  the  lens  re- 
flecting some  light;  indeed,  this  reflex  is  often  so  maiked  in  elderly 
subjects  that  the  grayish  film  due  to  sclerosis  of  the  lens  is  often  mis- 
taken for  cataract  by  the  inexperienced  observer.  If  oblique  illumi- 
nation be  employed,  however,  the  true  nature  of  the  opacity  in  the 
lens  becomes  manifest. 

Fig.  8. 


Ganglion  trunci  vagi- 
Su p.  cervical  ganglion- 


Vagus  and  sympathetic)' 
nerves  )- 


Inf.  cervical  ganglion. - 
Annulus  of  Vieussens-- 
Stellate  ganglion-  -t 

Cardiac  nerves 


jCilio-spinal 1 
r region 


rami  communicantes,  cervical  sympathetic  and  ganglia.  oas,erian  ganglion  ophthalmic  branch 
the  fifth  nerve,  ciliary  ganglion  and  nerves  radiating  M nnscles  of  ins.  (Waller.) 

The  iris  is  the  diaphragm  of  the  eye,  and  by  its  action  in  intercepting 
marginal  rays  it  prevents  an  excessive  amount  of  light  from  entering 
the  eve  In  order  that  this  may  be  accomplished  with  great  rapidity 
and  the  size  of  the  pupil  instantly  changed,  the  iris  is  provided  with  a 
delicate  mechanism  w or  derfully  adapted  to  the  function  which  it  has 
to  perform.  This  cons ists  of  two  antagonistic  factors : one,  a constrict- 
ing mechanism.  +o  contract  the  pupil ; the  other,  a dilating  one,  to  dilate 
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the  pupil.  The  former  is  accomplished  by  stimulation  of  the  oculo- 
motor nerve  and  consequent  contraction  of  the  sphincter  pupilla?  a 
circular  muscle  surrounding  the  pupil;  the  latter,  by  the  absence ’of 
this  stimulation  and  by  the  contracting  effect  of  the  cervical  sympa- 
thetic, which  supplies  the  dilator  pupillse,  the  meridianal  muscular 

bres  of  the  iris  and  also  the  bloodvessels  of  the  iris,  contraction  of 
puph  VeSSG  S causin&  narrowing  of  the  iris  and  dilatation  of  the 

The  reaction  of  the  pupil  is  either  a reflex  action,  in  which  event  the 
impulse  passes  along  the  optic  nerve,  the  afferent  nerve,  to  the  oculo- 
motor centre,  and  along  the  oculomotor  nerve,  the  afferent  nerve  to 
the  eye,  through  the  medium  of  fibres  which  connect  the  corpora  quad- 
rigemina  with  the  nuclei  of  the  oculomotor  nerve;  or  it  may  be  asso- 
cwted,  in  which  case  the  impulses  are  set  into  action  simultaneously 
with  en°rts  at  accommodation  and  convergence.  The  degree  of  the 
pupillary  contraction  in  associated  action  is  always  less  than  that 
observed  in  the  reflex  reaction. 

The  Reflex  reaction  of  the  pupil  may  be  either  direct  or  consen- 
sual. I he  direct  light  reflex  is  the  contraction  of  the  pupil  which  is 
observed  in  the  eye  when  it  is  exposed  to  increased  illumination  the 
consensual  or  indirect  light  reflex  being  that  which  occurs  in  the  pupil 
ot  the  other  eye,  following  exposure  of  one  eye  to  light. 

The  direct  light  reflex  is  tested  by  alternately  shading  and  un- 

, m 676  d^ligh,t  With  the  hand-  or  by  concent  aung 
artificial  light  upon  it  either  by  means  of  oblique  illumination  or  by 
the  mirror  of  an  ophthalmoscope,  the  gaze  of  the  patient  being  fixed 
on  a distant  object,  to  avoid  any  associated  stimulus  from  either 
accommodation  or  convergence  stimuli.  It  sometimes  happens  that 

nnn,ri  fn  |0Vm  “ f,r°m  the  ^ the  first  'extraction  of  the 

pupil  to  light  is  followed  by  dilatation,  and  often  an  interval  of 

extreme  contraction  being  succeeded  by  moderate  dilatations  and 
contractions  until  the  pupil  becomes  stationary.  This  condition  is 
termed  hippus,  and  is  explained  by  Swenzy  as  follows:  Each  con- 
traction of  the  pupil,  by  diminishing  the  supply  of  light  to  the  retina 
contains  in  itself  the  cause  of  the  dilattion a d Tor 

the  converse  reason,  each  dilatation  sets  agoing  the  succeeding  con- 
traction, until  at  last  equilibrium  is  attained.  Hippus  is  seen  in 
cei ebi  o-spinal  sclerosis,  disseminated  sclerosis,  neurasthenia  hysteria 
stages*^  Clsturbances’  ePi,ePsy-  and  acute  meningitis  in ’its  early 

inJfhpC^Se,nSMa/  or  indl'r<ct  pupillary  reaction  is  tested  by  observ- 
ing the  motions  of  the  pupil  in  the  other  eye  while  the  eye  under 
. animation  is  being  alternately  covered  and  uncovered.  This  test 
is  dependent  anatomically  upon  the  fact  that  fibres  pass  from  the 

intn  +L°f  ffth  "y  thl'0Ugh  the  chiasm  Partly  into  the  right  and  partly 
into  the  left  optic  tract,  and  that  from  these  the  stimulus  is  trans- 
mitted  dirjc  ly  to  both  right  and  left  oculomotor  nuclei  each  nucleus 
setting  up  a contraction  of  the  pupil  of  its  own  side. 
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The  direct  light  reflex  is  tested  for  the  purpose  of  detecting  the 
existence  of  adhesions  of  the  iris  to  the  capsule  of  the  lens  (posterior 
synechia),  and  to  determine  the  sensitiveness  of  the  retina  and  of  the 
visual  apparatus  generally  to  light.  The  reaction  is  an  exceedingly 
delicate  one,  and  indicates  the  presence  or  absence  of  quantitative 
perception  to  light.  It  will  presently  be  explained,  however,  that  the 
latter  function  may  be  wanting  in  certain  diseased  states,  and  yet  the 
pupil  reflex  take  place;  or  the  pupil  reflex  may  be  wanting,  and  per- 
ception of  light  still  be  present. 

The  associated  reaction  of  the  pupil,  or  the  accommodation  and  conver- 
gence reflex,  is  tested  by  requesting  the  patient  to  look  fixedly  at  an 
object  held  in  the  median  line  about  10  cm.  in  front  of  the  face.  The 
contraction  of  the  pupil  which  follows  is  due  to  the  intimate  associa- 
tion of  the  central  innervation  of  the  sphincter  muscle  of  the  iris,  the 
ciliary  body,  and  the  internal  rectus  muscles.  While  accommodation 
unassociated  with  convergence  will  not  cause  contraction  of  the  pupil, 
reaction  follows  convergence  stimuli  alone. 

In  contradistinction  to  the  contraction  of  the  pupil  when  acted  upon 
by  light  or  accommodation  or  convergence  stimuli,  the  pupil  invari- 
ably dilates  when  acted  upon  by  sensory  stimuli.  Thus  the  pupil  which 
is  contracted  during  sleep  and  deep  narcosis  dilates  at  the  moment  of 
waking.  The  pupil  dilates  also  under  nervous  excitement,  such  as 
fear  and  surprise,  and  also  with  deep  inspirations  and  expirations ; it 
is  dilated  also  during  hunger  and  in  anaemia.  Irritating  or  pinching 
the  skin  of  the  neck  is  followed  also  by  pupillary  dilatation  (pain 
reaction).  Both  pupils  should  be  equal  in  size,  unequal  pupils  ( anis - 
ocoria),  although  frequently  of  no  import,  being  often  a grave  symptom 
In  testing  the  reflexes,  it  is  essential  to  observe  whether  contraction 
and  dilatation  of  the  pupil  occur  simultaneously  and  to  the  wie 
degree  in  both  eyes.  As  a rule,  it  may  be  stated  that  the  least  mov- 
able pupil  belongs  to  the  affected  eye. 

As  deeply  seated  disease  of  the  brain  and  spinal  cord  frequently 
manifest  themselves  in  some  disturbance  of  the  pupil,  it  is  most 
essential  for  the  student  to  understand  fully  its  rer  v jus  connections. 

The  Behavior  of  the  Pupil  in  Disease.  Pathological  processes 
which  affect  the  iris  manifest  themselves  either  in  a contraction  of 
the  pupil  ( myosis ),  or  in  a dilatation  of  it  (mydriasis).  Both  of  these 
differences  in  the  diameter  of  the  pupi1  may  be  the  expression  of 
either  spasm  or  paralysis  of  the  musculature  of  the  iris,  or  they  may 
be  the  result  of  some  inflammatory  fcnc.ition  of  the  iris  or  within  the 
eyeball,  as,  for  example,  the  myosis  which  accompanies  iritis,  or  the 
mydriasis  which  is  seen  in  glaacoina. 

Myosis  (contraction  of  the  pupil).  Myosis  may  be  due  either  to 
spasm  of  the  sphincter  pupilhe  or  to  an  irritation  of  the  contracting 
centre  or  nerve  fibres,  spac*ic  myosis;  or  it  may  be  the  result  of  par- 
alysis of  the  dilating  fibres  of  the  pupil  or  of  the  pupil-dilating  centre 
or  nerve  fibres,  par  r'li  tic  myosis.  Either  cause  operating  alone  oc- 
casions a moderate  contraction  of  the  pupil;  if  both  are  active,  the 
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pupil  is  contracted  to  a pinpoint.  Contraction  of  the  pupil  follows 
simultaneous  stimulation  of  both  dilating  and  contracting  mechan- 
isms. The  most  common  cause  of  contracted  pupil  in  disease  of  the 
eye  is  adherence  of  the  iris  to  the  lens  capsule. 

Spastic  myosis  is  symptomatic  of  inflammatory  affections  of  the 
brain  and  its  meninges;  it  is  present  in  the  early  stages  of  intracranial 
tumors  which  involve  the  third  nerve;  it  is  seen  at  the  beginning  of 
hysterical  and  epileptic  seizures.  Pressure  upon  the  pons  causes 
myosis.  It  results  from  stimulation  of  the  pupillary  contracting 
centre,  and  occurs  in  those  who  suffer  from  tobacco  amblyopia  and 
in  those  who  follow  trades  which  demand  long  maintained  efforts  of 
accommodation  (watchmakers,  jewelers,  etc.).  If,  in  the  course  of 
a case  of  cerebral  disease,  myosis  gives  way  to  sudden  dilatation,  the 
prognosis  becomes  grave,  the  stage  of  depression  with  paralysis  of 
the  third  nerve  being  indicated.  Myosis  may  be  a reflex  action  in 
ciliary  neurosis ; it  accompanies  many  diseased  conditions  of  the  por- 
tion of  the  eye  supplied  by  the  fifth  nerve.  The  pupil  in  irritation 
myosis  is  but  little  affected  by  reflex  stimuli;  it  is  very  susceptible, 
however,  to  drugs,  mydriatics  dilating  it  widely,  and  myotics  contrac- 
ting it  ad  maximum.  In  contradistinction  to  this,  the  pupil  in  par- 
alytic myosis  reacts  actively  to  the  different  reflex  stimuli,  and  is  but 
little  affected  by  mydriatics,  although  myotics  contract  it  greatly. 

Paralytic  myosis  occurs  in  spinal  lesions  above  the  dorsal  vertebra', 
and  is  especially  significant  of  tabes  dorsalis.  In  the  early  stages  of 
this  disease,  in  which  the  cilio-spinal  centre  or  the  higher  region  ol  the 
cord  alone  have  been  affected,  the  pupil  is  but  moderately  contracted, 
and  reacts  to  both  light  and  on  convergence;  later  on,  the  pupil 
presents  the  phenomena  which  have  been  characte  fired  as  Argyll- 
Robertson  pupil  or  reflex  iridoplegia—i.  e.,  the  pup;'  responds  very 
slightly  or  not  at  all  to  light,  but  is  active  in  accommodation  and 
convergence.  The  lesion  which  produces  the  A^gyll-Robertson  pupil 
has  been  variously  situated  in  the  fibres  which  pass  from  the  proxi- 
mal end  of  the  optic  nerve  to  the  oculomotor  nuclei,  and  to  a nuclear 
lesion  pure  and  simple.  Another  pupillary  sign  which  is  seen  in 
tabes  dorsalis  is  known  as  unilateral  reflex  iridoplegia.  In  this  con- 
dition one  pupil  reacts  to  accommodation,  but  not  to  light,  while  the 
pupil  in  the  fellow  eye  responds  normally.  It  is  probably  the  result 
of  a lesion  in  the  nucleus  of  the  sphincter  of  the  iris. 

Paralytic  myosis  is  seen  in  general  paralysis  of  the  insane,  in  mye- 
litis of  the  cervical  portion  of  the  cord,  in  paralysis  of  the  cervical 
sympathetic  from  pressure,  in  bulbar  palsy  in  association  with  pro- 
gressive muscular  atrophy,  in  sclerosis  of  the  brain  and  spinal  cord, 
and  in  some  forms  of  multiple  neuritis. 

_ Mydriasis  (dilatation  of  the  pupil).  This  may  be  the  result  of 
either  irritation  or  paralysis  of  the  centre  or  fibres  governing  pupillary 
activity. 

Spastic  mydriasis  occurs  in  hypenemia  and  irritation  of  the  cervical 
portion  <A  the  sympathetic,  in  tumors  of  the  cord  and  brain  (although 
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rarely);  in  tabes  dorsalis;  in  certain  forms  of  intestinal  irritation, 
especially  intestinal  tumors;  in  anaemia;  in  psychical  excitement,  for 
example,  fear,  surprise,  acute  mania,  melancholia,  and  progressive 
paralysis  of  the  insane.  In  this  latter  disease  the  mydriasis  is  fre- 
quently unilateral  and  is  associated  with  myosis  in  the  other  eye. 

In  spastic  mydriasis  the  pupil  is  moderately  dilated,  contracts 
slightly  to  light  and  convergence,  and  does  not  dilate  to  sensory 
stimuli.  Mydriatics  dilate  the  pupil  ad  maximum , but  myotics  exert 
but  little  action  upon  it. 

Paralytic  mydriasis , or,  as  it  is  sometimes  called,  iridoplegia , is 
caused  by  paralysis  of  the  fibres  of  the  oculomotor  nerve,  the  branches 
which  innervate  both  the  intrinsic  muscles  of  the  eye — i.  e.,  the  sphinc- 
ter pupillse  and  the  ciliary  muscle — being  usually  affected.  It  may  be 
the  result  of  paralysis  of  the  nucleus  of  this  nerve  in  the  pons,  or 
from  failure  of  the  stimulus  to  be  conducted  from  the  retina  to  that 
centre.  The  pupil  is  moderately  dilated,  reacting  to  sensory  stimuli 
and  to  light  and  on  convergence,  according  to  the  seat  of  the  lesion. 
Thus  if  the  lesion  be  between  the  iris  and  the  pupil-contracting  centre, 
there  is  no  reaction,  either  direct  or  consensual  ; but  if  the  lesion  lie 
between  the  retina  and  the  pupil-contracting  centre,  the  pupil  will 
not  contract  directly  to  light,  although  it  will  consensually  and  on 
convergence.  Mydriatics  dilate  the  pupil  ad  maximum , but  myotics 
contract  it  but  moderately. 

Paralytic  mydriasis  occurs  in  diseased  processes  at  the  base  of  the 
brain,  involving  the  centre  of  the  third  nerve ; in  affections  of  the  orbit 
which  exert  pressure  on  the  ciliary  nerves;  in  cerebral  processes 
attended  with  marked  increase  in  the  pressure  within  the  skull,  such 
as  tumors,  hemorrhages,  and  abscesses,  and  in  the  advanced  stages 
of  thrombosis  of  the  cavernous  sinus;  in  progressive  paralysis;  the 
later  stages  of  meningo-encephalitis,  and  acute  dementia.  Macewen 
is  authority  for  the  statement  that  hemorrhage  into  the  centrum 
ovale  and  cerebral  peduncles  also  produces  mydriasis. 

Ophthalmoplegia  interna  is  the  name  given  to  the  dilatation  or 
partial  dilatation  of  the  pupil  associated  with  a failure  to  contract 
under  stimulus;  loss  of  accommodation  accompanies  it.  The  condi- 
tion indicates  a nuclear  lesion.  Transient  mydriasis  affecting  first 
one  eye  and  then  the  other,  is  generally  regarded  as  prodromal  of 
insanity. 

It  may  be  stated  as  a general  rulo,  that  dilatation  of  the  pupil 
when  observed  in  connection  with  a cerebral  lesion  indicates  an  ex- 
tensive lesion  of  the  brain;  and,  when  it  is  of  spinal  origin,  irrita- 
tion of  the  part  affected.  Mydriasis  is  commonly  observed  in  glau- 
coma. When  mydriasis  is  due  to  a failure  in  transmission  of  the 
light  stimulus  to  the  pupil- contracting  centre  and  nerves,  pupillary 
activity  occurs  only  on  convergence.  The  mydriasis  which  accom- 
panies optic  atrophy  Is  the  type  of  this  class. 

The  dilatation  of  the  pupil  which  is  observed  in  complete  blindness 
<( amaurosis ) should  not  be  considered  as  a disorder  in  the  mobility  of 
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the  iris,  but  should  rather  be  regarded  as  a physiological  inhibition  of 
the  pupillary  reflex  due  to  the  withdrawal  of  the  perception  of  light. 

The  hemianopic  pupillary  inaction  sign  ( Wernicke's ).  By  means 
of  this  sign  it  is  sometimes  possible  to  determine  in  certain  cases  of 
half-blindness  whether  the  seat  of  the  lesion  is  situated  anterior  or 
posterior  to  the  corpora  quadrigemina.  (Fig.  9.)  This  test  depends 
upon  the  fact  that  the  visual  fibres  in  the  optic  nerve  join  the  fibres 
of  the  third  nerve,  which  control  the  sphincter  pupillse  at  the  corpora 
quadrigemina.  If  the  lesion  be  posterior  to  this  point  of  junction — i.  e., 
back  of  the  corpora,  in  the  occipital  cortex — there  will  be  no  inter- 
ference with  the  pupillary  reflex.  Should,  however,  the  lesion  be 
situated  anterior  to  the  corpora,  the  reflex  arc  of  pupillary  activity 
will  be  broken,  and  an  irregularity  in  the  pupillary  contraction  will 
manifest  itself.  The  hemianopic  pupillary  inaction  test  is  performed 
best  by  placing  the  patient  in  a dark  room,  with  a single  source  of 

Fig.  9. 
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Illustrating  the  test  for  hemianopic  pupillary  inaction ; tuc  lines  represent  a horizontal  plane 
through  the  left  eye  and  its  visual  field.  F 0.  Fundus  oculi.  M.  Macula  lutea.  N Nasal 
half  of  the  field,  which  is  anaesthetic  in  temporal  heu^auopsia.  T.  Temporal  half  of  retina.  T F. 
Temporal  field.  P.  Pupillary  aperture.  180°  to  0°,  the  t quatorial  arc  or  semicircle.  90°.  vertical 
point  and  line  passing  through  centre  of  eye  t^  AT.  /O'  and  40°,  rays  of  light  striking  the  insensitive 
nasal  half  of  the  retina,  producing  no  pupillary  rfcfiex.  (Seguin.) 


illumination  back  of  him,  the  eye  not  under  examination  being  closely 
bandaged,  and  the  patien  t being  directed  to  look  into  the  distance.  An 
assistant  should  then  moderately  illumine  the  eye  by  directing  light 
upon  it  by  a plane  mirror,  while  the  examiner  turns  a narrow  beam 
of  light,  reflected  from  the  concave  mirror  of  his  ophthalmoscope, 
upon  the  differeei  parts  of  the  retina,  and  closely  observes  the  effect 
upon  the  movements  of  the  iris. 

The  cerebral  cortex  reflex  of  the  pupil , or  Haab’s  reflex , is  the  con- 
traction of  the  pupils  in  both  eyes  which  occurs  without  change  of 
accommodation  or  convergence  when  the  subject,  seated  in  a dark 
room,  directs  his  attention  to  some  bright  object  within  his  field  of 
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vision,  the  amount  of  contraction  being  proportionate  to  the  bright- 
ness of  the  object. 

The  orbicularis  pupillary  reaction , which  is  used  to  determine  a 
possible  paralysis  of  the  sphincter  of  the  pupil,  is  a contraction  of 
the  pupil  which  occurs  upon  forced  closure  of  the  lids.  Gifford,  the 
discoverer  of  this  reaction,  believes  this  contraction  to  be  an  over- 
flow stimulus  which  is  excited  in  the  nuclei  of  the  orbicularis  fibres 
of  the  facial  nerve,  and  conveyed  thence  to  the  pupil-contracting 
centre.  It  is  believed  that  when  trigeminal  anassthesi^  is  associated 
with  reflex  pupillary  immobility  it  may  be  ascribed  to  a lesion  of  the 
spinal  root  of  the  fifth  nerve. 

Paradoxical  pupillary  reaction  refers  to  the  condition  said  to  be 
observed  at  times  in  meningitis,  when  the  pupil  dilates  upon  exposure 
to  light,  and  contracts  upon  its  withdrawal. 

The  Light  Sense.  In  order  to  test  the  power  possessed  by  the 
retina  and  the  visual  centre  of  appreciating  variations  in  the  inten- 
sity of  the  source  of  illumination,  an  instrument  is  employed  which 
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is  known  as  a photometer.  (Fig.  10.)  This  consists  of  a square  box  in 
which  are  placed  black  lines  equal  to  certain  standard  letters  when 
seen  at  one-third  of  a metre  from  the  eye.  These  lines  are  illuminated 
by  a standard  candle,  the  degree  of  light  being  regulated  by  a window, 
the  size  of  which  may  be  varied.  The  patier  c is  first  made  to  look  into 
the  apparatus  with  the  window  closed.  The  window  is  then  slowly 
opened  and  the  lines  illuminated.  As  soon  as  the  lines  are  recog- 
nized the  size  of  the  opening  requisite  fox  this  purpose  is  noted,  and  it 
it  be  found  that  an  opening  more  than  2 mm.  square  has  been  required, 
a subnormal  light  sense  is  present  before  making  this  test,  it  is  neces- 
sary that  the  subject  under  examination  should  remain  in  a dark  room 
for  at  least  ten  minutes,  in  order  to  adapt  the  retina  to  the  absence  ol 
light.  The  study  of  the  diminution  of  the  light  sense  is  of  great  value 
in  certain  diseases  of  the  rtfina,  when  lowering  of  its  acuteness  out  of 
proportion  to  the  visual  acuity  is  of  great  significance. 

The  light  sense  of  the  periphery  of  the  retina  may  be  tested  by 
passing  a candle  flune  affixed  to  the  arc  of  a perimeter  through  the 
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different  meridians  in  front  of  the  eye,  while  a second  candle  is  em- 
ployed as  a point  of  fixation.  ( Vide  Field  of  Vision.)  Holden’s  test  for 
this  purpose,  consists  in  ascertaining  the  points  on  the  perimeter  at 
which  a series  of  test  objects  is  perceived.  To  detect  disturbances 
in  the  intermediate  and  central  zones  of  the  field,  he  employs  a card 
with  a 1 mm.  black  point  on  one  side  and  a 15  mm.  quadrant  of  light 
gray,  having  four-fifths  of  the  intensity  of  the  white,  on  the  other. 
With  a perimeter  of  30  cm.  radius  the  black  point  and  gray  patch  are 
each  seen  by  the  normal  eye : outward  45  degrees,  upward  30  degrees, 
inward  35  degrees,  downward  35  degrees.  To  detect  peripheral  de- 
fects, he  employs  a second  card,  which  has  a 3 mm.  black  point  on  one 
side,  and  a darker  gray  patch  having  three-fifths  the  intensity  of 
white  on  the  other.  Each  should  be  seen  on  the  perimeter  at  the  fol- 
lowing points:  outward  70  degrees,  upward  45  degrees,  inward  55 
degrees,  and  downward  55  degrees. 

Tension.  As  the  degree  of  tension  or  intra-ocular  resistance  is  liable 
to  vary  in  many  diseased  conditions,  it  is  essential  that  this  be  ascer- 
tained in  every  case. 

Clinically  it  is  not  possible  to  ascertain  directly  the  intra-ocular 
pressure,  but  a sufficiently  accurate  estimate  may  be  made  of  it  by 
registering  the  tension  of  the  eyes  as  felt  with  the  fingers  through 
the  upper  lid.  To  do  this,  it  is  best  to  employ  the  two  index  fingers, 
the  other  fingers  being  spread  out  on  the  temple  and  brow  to  afford 
the  hands  support.  The  patient  is  directed  to  look  down,  and  slight 
pressure  is  made  on  the  globe  alternately  with  the  two  firgers.  The 
degree  of  tension  depends  not  only  upon  the  intra-ocular  pressure, 
but  also  to  a slight  extent  on  the  elasticity  of  the  sclerotic,  which 
varies  with  age,  and  also  with  the  individual.  It  is  important,  there- 
fore, in  estimating  whether  the  tension  of  the  eye  is  greater  or  less 
than  normal,  always  to  compare  it  with  that  of  the  fellow  eye,  pre- 
suming that  it  is  unaltered. 

The  different  degrees  of  tension  are  noted  as  follows: 

T.  N.  Normal  tension. 

T.  full.  Slightly  more  than  the  average  normal  tension. 

T.  + 1.  A slight  but  decided  in 'lease  above  the  normal  tension. 

T.  + 2.  More  marked  increase  of  tension,  but  where  the  fingers  can 
still  slightly  impress  the  globe. 

T.  + 3.  Increase  of  tension  so  marked  that  no  impress  can  be 
made  on  the  globe. 

Diminished  tension  in  the  same  way  is  recorded  as  of  three  degrees : 
T.  — 1,  T.  — 2,  T. 3. 

Several  different  instruments  have  been  invented  for  recording  the 
tension  of  the  eye,  called  tonometers.  None  of  them  is  of  sufficient 
practical  use  to  need  description  here. 
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THE  OPHTHALMOSCOPE.1 

The  student  having  acquainted  himself  with  the  appearance  of  the 
exterior  of  the  eye  and  as  much  of  the  interior  as  may  be  learned  by 
lateral  illumination  is  now  prepared  to  complete  the  examination, 
by  exploring  minutely  the  interior  of  the  eye. 

On  account  of  certain  optical  lesions,  such  an  examination  cannot 
be  made  by  the  naked  eye,  and  the  student  will  have  to  call  to  his 
aid  a device  which  will  overcome  these  and  remove  the  hinderances 
which  oppose  his  view  into  the  eye.  Although  the  principles  of  such 
a device  were  suggested  and  nearly  attained  by  a number  of  early 
scientists,  the  honor  of  perfecting  and  elaborating  them  into  an  instru- 
ment belongs  to  Helmholtz.  This  distinguished  physicist  invented  the 
ophthalmoscope  in  1851,  and  by  this  instrument  solved  the  problem  of 
simultaneously  illuminating  and  viewing  the  interior  of  the  eye  ; and 
although  the  instrument  employed  by  him  was  crude  and  inefficient 
in  many  ways,  it  comprised  all  of  the  optical  principles  of  the  later- 
day  ophthalmoscope. 

The  discovery  of  this  instrument  immediately  opened  a new  field 
not  only  in  the  study  of  ophthalmology,  but  in  that  of  clinical  medi- 
cine as  well.  Conditions  which  were  described  by  the  older  writers 
under  the  names  of  amaurosis  and  black  cataract,  terms  used  to 
designate  all  forms  of  blindness  the  cause  of  which  was  not  apparent 
from  an  examination  of  the  anterior  segment  of  the  eye,  were 
resolved  into  various  diseases  of  the  optic  nerve,  retina,  and  choroid. 
It  was  found,  furthermore,  that  systemic  disorders  quite  remote  from 
the  eye,  such  as  affections  of  the  kidney,  heart,  and  brain,  often  pre- 
sented their  first  manifestations  in  the  hidden  tunics  of  the  eye  Upon 
this  account  no  routine  examination  of  the  eye  can  be  considered  to 
be  properly  performed  until  the  ophthalmoscope  has  been  employed, 
nor  is  a clinician  justified  in  rendering  a diagnosis  ii^  many  cases 
until  he  is  aware  of  the  intra-ocular  condition.  It  should  be 
remembered  that  by  no  other  means  is  it  possible  tv  see  a living 
nerve  head  and  to  study  the  complete  vascular  cycle  in  an  organ,  of 
the  entrance  of  its  arterial  and  the  exit  of  its  venous  blood. 

Like  most  instruments  of  a similar  na*ure,  its  use  presupposes 
a certain  amount  of  practice,  and  the  student  will  succeed  in  acquir- 
ing ability  to  use  the  ophthalmoscope  only  after  the  exercise  ot 
considerable  patience  and  endeavor  One  approaching  its  study  should 
not  easily  be  discouraged,  nor  should  he  expect  to  become  expert  in 
its  use  in  a few  weeks’  time,  he  should  sedulously  cultivate  every 
opportunity  that  presents  itself  to  examine  the  interiors  of  healthy 
eyes,  for  it  is  only  by  a knowledge  of  the  physiological  that  pathologi- 
cal conditions  may  be  recognized.  Artificial  eyes,  such  as  Perrin’s, 
are  of  decided  value  when  it  is  impossible  to  obtain  natural  eyes  for 


1 The  optical  principles  n^olved  in  ophthalmoscopy,  the  theory  of  the  ophthalmoscope,  and  the 
determination  of  the  ei/a^cion  of  the  eye  by  it  will  be  considered  in  the  chapter  on  Refraction. 
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study,  or  a rabbit’s  eye  may  be  utilized.  In  order  that  the  student 
may  be  taught  accuracy,  and  may  appreciate  fully  the  nature  of  the 
changes  which  the  ophthalmoscope  reveals  to  him,  it  is  advisable  for 
him  to  sketch  what  he  sees ; for  while  but  few  persons  possess  suffi- 
cient skill  to  make  an  artistic  drawing  of  the  findings  of  the  ophthal- 
moscope, nearly  everyone  may  produce  a schematic  representation 
of  them,  especially  if  he  employs  a sketch-book  such  as  has  been 
devised  by  Haab. 

The  writer  knows  of  no  objection  to  the  student’s  making  his  first 
trials  with  the  ophthalmoscope  upon  eyes  the  pupils  of  which  have 
been  artificially  dilated.  The  employment  of  the  instrument  is  greatly 
facilitated  thereby,  and  the  fact  that  he  has  once  seen  the  fundus  will 
enable  the  beginner  to  proceed  with  more  confidence  upon  eyes  the 
pupils  of  which  are  undilated  than  he  who  has  never  experienced 
the  sensation  of  actually  viewing  the  head  of  the  optic  nerve  and  the 
retinal  vessels.  To  avoid  any  possible  accident  resulting  from  the 
employment  of  myclriatics,  individuals  under  forty  years  of  age 
should  be  chosen,  and  eyes  which  are  free  from  external  signs  of 
disease.  Homatropine  in  weak  solution  (4  grs.  ad.  f.yj)  is  a con- 
venient drug  to  employ  for  this  purpose,  as  it  produces  a dilatation 
of  the  pupil  in  thirty  minutes,  and  its  effects  are  very  evanescent,  and 
may  be  rendered  still  more  so  by  the  instillation  of  a few  drops  of  a 
solution  of  eserine  (eserine  sulph.,  gr.  ss;  aq.  dest.,  f.5j)  at  the  e tm- 
pletion  of  the  examination. 

Although  not  essential,  unless  the  student  have  markedly  defective 
eyes,  it  is  desirable,  to  avoid  errors  in  the  estimation  of  he  refraction 
and  to  obtain  the  clearest  image  of  the  fundus  possible,  that  he  have 
the  refraction  of  his  own  eyes  estimated  and  corrected,  if  needs  be,  by 
glasses  before  attempting  ophthalmoscopic  wo  k. 

Method  of  Ophthalmoscopic  Examinatior.  [Note.  Since  the  prin- 
ciples which  govern  ophthalmoscopy  are  not  described  until  the 
next  chapter,  it  will  be  supposed,  to  avoid  ambiguity,  that  both  the 
eyes  of  the  surgeon  and  those  of  the  patient  are  of  normal  refraction.] 

The  Instrument.  The  most  essentia'  part  of  an  ophthalmoscope  is 
a mirror  with  a central  perforation,  as  it  is  necessary  that  the  light 
should  be  reflected  into  the  eye  and  an  opportunity  afforded  the 
observer  to  gain  a view  of  it  < interior  at  the  same  time.  There  should 
be  two  mirrors  on  every  instrument:  a plane  one  to  detect  opacities 
in  the  media  and  slight  changes  in  the  color  of  the  eye-ground,  and 
a concave  one  of  about  31  cm.  focal  distance,  for  ordinary  examination. 
In  addition  to  the  mirrors,  every  ophthalmoscope  should  be  provided 
with  a series  of  lenses  to  neutralize  the  refraction  of  the  eye,  in  order 
to  obtain  a sharp  and  distinct  view  of  the  details  of  the  background 
of  eyes  of  ahncrmal  refraction. 

A hile  there  are  a host  of  ophthalmoscopes  employed  throughout 
the  world  the  most  popular  in  the  United  States  and  the  United 
Kingt'orn  are  the  Loring  and  the  Morton  ophthalmoscopes,  respec- 
tively. Both  of  these  instruments  exhibit  to  a marked  degree  the 


EXAMINATION  OF  THE  EYE. 


39 


most  essential  features  in  an  ophthalmoscope,  viz.:  largeness  of  field 
of  view,  proper  illumination,  and  the  ability  to  bring  a variety  ol 
lenses  before  the  sight-hole  in  the  mirror,  without  the  necessity  of 
removing  the  instrument  from  the  eye.  When  properly  manufac- 
tured, either  of  these  instruments  should  last  the  average  ophthal- 
mologist a lifetime.  . 

The  Loring  Ophthalmoscope.  As  shown  in  Fig.  11,  the  Loring 
ophthalmoscope  is  provided  with  a concave  mirror,  parallelogram 
in  shape,  with  a central  perforation  from  3^  to  4 mm.  in  diam- 
eter The  mirror  is  so  hung  upon  the  frame  that  it  may  be  tilted 
20  degrees  to  the  right  or  to  the  left.  For  the  purpose  of  focusing 


Fig.  11. 


Loring’s  ophthalmoscope . 


the  rays  upon  the  fundus  in  the  evero  that  the  formation  of  the 
eye  is  abnormal,  and  secondarily  to  obtain  the  degree  of  refraction 
error  of  the  eye,  the  instrument  is  provided  with  a series  of  lenses 
which  may  be  rotated  behind  the  sight-hole  in  the  mirror  These 
lenses  are  contained  upon  a full  disk  and  a quadrant  of  a dis  , anc 
range  from  the  weakest  convex  and  concave  spherical  lenses  to  those 
of  a strength  sufficient  +o  neutralize  the  highest  ocular  defects. 

The  Morton  Ophthalmoscope.  (Fig.  12.)  In  this  instrument  the 
lenses  are  set  in  a cylinder  in  the  form  of  an  endless  chain,  and  are  pro- 
pelled by  a strong  driving-wheel.  The  instrument  is  provided  with 
three  mirrors-- one  plane  and  two  concave,  one  of  10  inches  locus  anu 
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a smaller  one  of  3 inches  focus.  The  two  first,  which  are  set  back  to 
back  in  one  mounting  and  are  reversible,  are  for  indirect  examination 
and  retinoscopy;  the  smaller  concave  one  is  for  the  direct  method 
Qmte  recently  a stationary  ophthalmoscope  has  been  introduced  by 
lhorner  (Pig.  13),  which,  although  too  large  to  be  manipulated  by  the 
hand,  and  consequently  valueless  in  ordinary  routine  work  affords 
an  unequalled  opportunity  of  viewing  the  fundus  without  annoying 


Fig.  12. 


T?ip  Norton  ophthalmoscope. 


reflexes  under  brilliant  illumination  and  high  magnification,  and  with- 
out the  necessity  of  relaxation  of  the  observer’s  accommodation. 

y an  arrangement  of  prisms  it  is  possible  for  the  teacher  to  adjust 
the  instrument  for  the  student,  and  to  demonstrate  the  changes  in 
the  fundus  by  viewing  them  simultaneously  with  him. 

Examination  by  Transmitted  Light.  Before  proceeding  to  the  ex- 
amination of  the  details  of  the  background  of  the  eye  by  either 
the  direct  or  the  indirect  method,  the  student  should  first  acquaint 
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himself  with  as  much  as  may  be  learned  by  simply  throwing  the 
light  of  the  ophthalmoscopic  mirror  into  the  eye  at  a distance 
of  from  30  to  40  cm.  For  the  proper  performance  of  this  test,  as 


Fig.  13. 


The  Thorner  ophthalmoscope. 

well  as  for  the  methods  of  ophthalmoscopic  examination  to  be  pres- 
ently mentioned,  the  patient  should  be’  sea  tea  m a darkened  room, 
with  a light  placed  a little  behind  the  head  and  to  the  side  of  the  eye 
under  examination  and  upon  a line  wi+h  the  ear.  An  Argand  burner 


Fig.  14. 


Incdii  lest  en*  coil  for  ophthalmoscopy, 


may  be  employed,  or  a closely  woven  incandescent  coil  (Fig.  14) 
placed  in  a bracket  which  should  be  capable  of  being  moved  in  all  direc- 
tions. An  old-fashioned  oil  lamp  with  a broad  flame  gives  an  excellent 


42 


THE  EYE. 


light,  and  daylight  may  be  employed  by  permitting  the  rays  to  gain 
entrance  into  the  room  through  a narrow  slit  in  a blind  or  shutter. 
Sunlight  is  to  be  preferred  when  it  is  desirable  to  study  changes  in 
the  fundus  as  nearly  as  possible  in  their  natural  color,  as  in  anaemia. 

If  the  patient  be  bedridden,  it  is  frequently  necessary  to  resort  to  a 
candle  as  a source  of  illumination,  and  the  observer  may  be  compelled 
to  make  the  examination  in  a constrained  posture.  Such  examina- 
tions are  apt  to  be  unsatisfactory,  but  the  student  should  never 
desist  nor  allow  himself  to  become  discouraged  until  he  has  satisfied 
himself  that  he  has  accomplished  all  that  was  possible  under  the  cir- 
cumstances. In  the  performance  of  all  ordinary  tests  with  the  oph- 
thalmoscope, the  observer  should  be  on  a slightly  higher  level  than  the 
patient,  and  both  he  and  the  patient  should  be  comfortably  seated; 
the  custom  which  prevails  in  some  places  of  the  surgeon  standing 
and  bending  over  the  patient’s  eye  is  deprecated  as  tending  to 
favor  hurried  and  superficial  examinations.  In  examining  children’s 
eyes  the  patience  and  ingenuity  of  the  observer  will  often  be  taxed 
before  a satisfactory  view  of  the  fundus  can  be  obtained,  and  a third 
person  is  often  necessary  to  attract  the  gaze  of  the  child  from  the 
mirror  toward  some  distant  object. 

In  examination  with  transmitted  light,  the  student,  with  the  large 
concave  mirror  of  the  ophthalmoscope  held  close  to  his  eye,  throws 
the  light  upon  the  eye  under  observation,  the  patient  being  instructed 
to  direct  his  gaze  in  front  of  him. 

A faint  pinkish-red  glow  will  be  seen  to  replace  the  blackness  of 
the  pupil.  This  is  known  as  the  fundus  reflex,  and  is  occasioned  by 
the  reflection  of  light  from  some  part  of  the  illuminated  interior  of 
the  eye.  With  the  light  from  the  mirror  still  concen  trated  upon  the 
pupil,  the  student  should  now  tilt  the  mirror  in  different  directions 
and  note  the  character  and  the  direction  of  the  movements  of  the 
shadow  which  will  be  seen  to  travel  over  the  eye,  thus  obtaining  an 
idea  of  the  refraction.  The  patient  may  then  be  requested  to  rotate 
his  eye  through  the  different  meridians,  and  following  this  the  student 
should  move  his  own  head  from  side  o side  and  back  and  forth,  the 
better  to  obtain  the  reflex  from  al1  parts  of  the  eye.  The  mobility  of 
the  iris  should  be  tested  by  throwiug  the  light  upon  the  pupil,  and 
the  perceptive  power  of  the  entire  retina  ascertained  by  reflecting 
the  light  from  different  angles  upon  all  parts  of  that  membrane. 

By  the  use  of  the  mirror  It  is  also  possible  to  determine  the  fixation 
point.  This  is  done  by  observing  the  corneal  reflex.  This  method, 
attention  to  which  v as  called  by  Priestley  Smith,  is  practised  in  the 
following  way:  the  patient  is  told  to  look  at  the  mirror;  the  light  is 
then  thrown  upon  one  of  the  patient’s  eyes,  and  the  exact  position  of 
the  light  reflex  upon  the  surface  of  the  cornea  noted;  the  student 
then  quickiy  urns  the  light  to  the  other  eye  and  compares  the  posi- 
tion of  the  corneal  light  reflex  in  the  two  eyes.  The  corneal  reflex 
generally  appears  a little  nearer  the  inner  than  the  outer  edge  of  the 
pupil,  as  the  visual  axis  usually  lies  to  the  inner  side  of  the  axis  of 
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the  cornea.  If  both  eyes  be  properly  directed,  the  position  of  the 
corneal  reflex  will  be  symmetrical  in  the  two  eyes;  but  if  one  eye 
deviates,  the  reflex  will  be  displaced.  In  this  way  imperfect  fixation 
in  strabismus  will  be  readily  detected. 

By  transmitted  light  alone,  the  presence  of  opacities  in  the  media 
may  be  diagnosed;  these  appearing  like  dark  shadows  in  the  red 
background,  because  the  rays  of  light  as  they  return  from  the  eye- 
ground  are  arrested  by  the  opaque  spots  in  the  media,  just  as  all 
objects  which  do  not  transmit  light  appear  dark  when  seen  in  front 
of  a luminous  surface.  As  they  often  are  seen  best  with  feeble 
illumination,  it  is  well  to  substitute  the  plane  mirror  for  the  concave 
in  searching  for  them.  With  a view  to  examining  the  media  more 
closely,  and  to  ascertain  more  definitely  the  character  and  position  ot 
any  opacities,  the  student  should  now  rotate  a high  convex  spherical 
lens  before  the  sight-hole  in  the  ophthalmoscope  and  approach  the 
eye  until  he  is  within  the  focal  distance  of  the  lens.  lor  this  purpose, 


Fro.  15. 


Diagnosis  of  the  site  of  an  opacity  from  parallactic  displacement.  (Fuc as.. 


the  Morton  ophthalmoscope  is  provided  with  a lens  of  5 cm.  focal 
length  (+20  D.),  the  Loring  with  one  of  6.25  cm.  ( t 16  D.).  Under 
this  high  magnification  any  foreign  body  or  opacity  which  may  have 
been  overlooked  usually  becomes  visible.  To  uetermine  the  exact 
location  of  opacities  is  often  difficult,  an  l careful  observation  is  re- 
quired to  state  definitely  whether  they  be  in  the  cornea,  in  the  anterior 
portion  of  the  lens,  in  the  posterior  portion  of  the  lens,  or  in  the  an- 
terior portion  of  the  vitreous.  It  may,  however,  be  stated  as  a 
general  rule,  that  stationary  opacities  are  in  the  cornea  and  lens,  and 
that  opacities  in  the  vitreous,  although  at  times  fixed,  are  usually 
floating.  It  is  frequently  possible  also  to  determine  the  location  of  an 
opacity  by  comparing  its  position  with  other  structures  in  the  eye  in 
the  same  plane,  as,  for  examr  le,  the  conjunctiva  and  the  limbus  in  cases 
of  opacity  of  the  cornea,  and  the  iris  with  the  anterior  part  of  the  lens. 

A very  accurate,  and  at  the  same  time  a very  simple  mode  of  loca- 
ting the  position  of  an  opacity  is  by  means  of  the  parallactic  displace- 
ment of  the  opacity  with  reference  to  the  margin  of  the  pupil.  In 
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Fig.  15,  1,  2,  3,  4 represent  four  opaque  points  in  the  optical  axis 
of  the  eye,  situated  in  the  cornea,  upon  the  anterior  capsule  of 
the  lens,  at  the  posterior  pole  of  the  lens,  and  in  the  anterior  part  of 
the  vitreous,  respectively.  When  the  observer  is  stationed  at  B,  all 
four  points  will  be  merged,  and  he  will  see  but  one.  Should,  however, 
he  move  to  B,  then  the  position  of  these  points  in  relation  to  the 
pupil  will  be  changed.  Thus,  2 will  remain  fixed,  while  1 approaches 
the  upper,  and  3 and  4 the  lower  part  of  the  pupil,  4 the  more  so. 
In  the  application  of  this  test,  the  observer  notes  the  position  of  the 
opacity  by  looking  directly  into  the  eye  along  its  optical  axis.  He 
now  slowly  moves  his  head  to  one  side.  If  the  spot  remains  immobile, 
it  is  situated  in  the  plane  of  the  pupil.  If  it  moves  in  a direction 
opposed  to  that  of  the  observer’s  eye,  the  opacity  is  situated 
anterior  to  the  pupillary  plane.  If  the  motion  is  in  the  same  direc- 
tion, then  the  opacity  is  situated  in  the  deeper  part  of  the  lens  or 
in  the  anterior  portion  of  the  vitreous. 

Having  completed  this  preliminary  study  of  the  media  with  the 
mirror  and  by  the  use  of  the  high  magnifying  lens,  the  student  should 
now  rotate  the  disk  upon  the  ophthalmoscope  until  the  sight-hole  of 
the  instrument  is  once  more  unobstructed  by  a lens,  and  should  then 
proceed  to  an  examination  of  the  eye-ground  itself.  For  this  purpose 
he  has  the  choice  of  two  methods,  the  direct  and  the  indirect ; though 
the  beginner  will  do  well  to  familiarize  himself  with  both  in  all  cases. 

Indirect  Method.  In  the  application  of  this  method,  the  student 
stations  himself  in  a position  corresponding  exactly  to  that  assumed 
in  the  test  by  transmitted  light,  at  a distance  of  about  30  cm.,  and 
throws  the  light  into  the  eye  under  examination  by  the  concave 
mirror  of  the  ophthalmoscope.  As  has  just  been  described,  the  red 
reflex  of  the  fundus  will  at  once  become  visible;  but  unless  the  eye  be 
highly  nearsighted,  nothing  more  will  be  obsormi  unless  a convex 
lens  of  about  5 cm.  focus  be  interposed  before  the  eye  and  held 
at  its  focal  distance.  If  this  be  done,  an  i averted  image  of  the  eye- 
ground  is  obtained,  which  will  be  seen  between  the  lens  and  the 
student’s  eye.  Some  difficulty  is  usually  found  by  the  beginner  in 
accomplishing  this,  on  account  of  reflections  from  the  surface  of  the 
lens  and  the  cornea,  and  his  tendency  to  accommodate  either  for  the 
eye  or  the  auxiliary  lens.  Tho  reflections  may  be  overcome  by  gently 
tilting  the  lens  from  side  t^  side,  by  bearing  in  mind  also  that  the 
image  of  the  fundus  is  an  aerial  one,  and  by  making  an  attempt  to 
adjust  the  eyes,  both  being  kept  open,  upon  a point  between  his  own 
eye  and  the  lens;  the  latter  difficulty  may  be  dispelled  also,  and  he 
will  avoid  the  natural  tendency  to  accommodation.  In  examining  the 
eye,  the  student  should  apply  his  right  eye  to  the  sight-hole  in  the 
mirror,  the  instrument  being  grasped  by  the  right  hand  while  the 
auxiliary  It  ns  is  held  in  the  left.  It  is  advisable  to  steady  the  hand 
which  holds  the  auxiliary  lens  by  resting  the  tip  of  the  little  or  ring 
finger  upon  the  patient’s  brow,  and  to  utilize  one  of  these  fingers  to 
raise  the  upper  lid  when  it  is  desirable  to  examine  the  lower  part 
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of  the  eye,  or  if  the  lid  is  covering  the  pupil,  as  is  frequently  the 
case  in  inflamed  eyes. 

If  the  right  eye  is  under  examination,  in  order  to  bring  the  head 
of  the  optic  nerve  into  view  the  patient  should  be  told  to  direct  his 
gaze  at  the  raised  little  finger  of  the  observer’s  right  hand  as  it  grasps 
the  tip  of  the  handle  of  the  ophthalmoscope.  When  the  left  eye  is 
being  examined,  he  should  look  at  the  observer’s  left  ear. 

The  indirect  method  is  to  be  preferred  when  it  is  desirable  to  obtain 
a general  view  of  the  fundus  and  in  eyes  with  hazy  media  or  in  high 
myopia,  as  the  image  obtained  by  it  is  more  luminous  than  that  from 


Fig.  16. 


The  indirect  method  of  ophthalmoscopic  exam  .nation. 


the  direct  method.  By  this  method  thp  :mage  of  the  fundus  is  mag- 
nified about  five  diameters,  ten  diameters  less  than  by  the  direct 
method,  but  greater  magnification  may  be  obtained  of  the  aerial 
image  by  rotating  a -f-  S 4 D.  lens  Leiore  the  sight-hole  of  the  ophthal- 
moscopic mirror.  # 

It  should  be  remembered  that  the  image  in  the  indirect  method  is 
an  inverted  one,  and  that,  therefore,  the  upper  part  of  the  image  cor- 
responds to  the  lower  part  of  the  eye-ground,  and  the  right  side  of  the 
image  to  the  left  of  the  eye-ground.  It  is  extremely  useful  in 
examining  patier.is  in  a recumbent  posture,  and  is  very  valuable  in 
examining  tht  eyes  of  children,  as  it  is  often  impossible  to  obtain  a 
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view  of  the  fundus  in  this  class  of  cases  by  the  direct  method,  on 
account  of  the  impossibility  of  keeping  them  quiet. 

On  account  of  its  greater  magnifying  power,  the  direct  method  is 
to  be  preferred  for  the  recognition  of  fine  details  in  the  fundus,  and 
it  possesses  the  further  advantage  over  the  indirect  in  that  it  is  pos- 
sible to  estimate  the  refraction  of  the  eye  by  it. 

The  Direct  Method.  In  the  application  of  this  method  the  student 
approaches  as  closely  to  the  face  of  the  patient  as  is  possible  until  the 
ophthalmoscope  is  brought  within  one  inch  of  the  patient’s  eye.  The 
instrument  should  be  grasped  with  the  right  hand  when  the  right 

Fig.  17. 


The  direct  method  of  o*.h,.Kalmoscopic  examination. 


eye  is  being  examined;  but  when  the  left  eye  is  under  examination, 
the  hand  as  well  as  the  position  of  the  light  should  be  changed. 
The  student  should  aim  keep  the  pupil  steadily  illuminated,  and 
should  endeavor  to  keep  the  small  circular  shadow  which  occupies 
the  centre  ol  the  glare  throwm  by  the  mirror,  and  which  represents 
the  sight-hole  of  the  ophthalmoscope,  directly  in  the  centre  of  the 
pupil.  This  he  will  find  greatly  facilitated  by  the  practice  he  has 
acquired  in  the  observation  of  the  eye  by  transmitted  light  and 
in  the  indirect  method.  The  red  reflex  of  the  fundus  should  at 
once  became  plainly  visible;  but,  as  a rule,  nothing  more,  the  details 
of  the  fundus  being  still  hidden  from  view.  This  may  be  due  to 
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reflections  from  the  cornea  and  lens,  which  are  especially  disturbing 
in  those  with  deeply  pigmented  irides  anti  small  pupils,  or  to  an 
active  accommodation  in  either  the  surgeon’s  or  the  patient’s  eye. 
To  decrease  these  reflections,  the  mirror  should  be  moved  almost  im- 
perceptibly from  side  to  side  until  a spot  is  found  where  the  reflections 
seem  to  disappear.  For  optical  reasons  which  will  be  explained  in 
the  next  chapter,  it  is  necessary,  in  order  to  see  the  details  of  the 
fundus  clearly,  that  the  accommodation  in  both  the  observed  and  the 
observing  eye  should  be  relaxed.  This  is  accomplished  in  the  patient  s 
eye  by  having  him  look  into  the  distance  in  a darkened  room.  Prac- 
tice alone,  however,  will  enable  the  student  to  lose  the  desire  to 
accommodate,  which  has  been  natural  to  him  in  regarding  all  near 
objects  hitherto,  and  to  view  the  interior  of  the  eye  situated  but  an 
inch  or  so  from  him  as  though  it  were  a far-away  object.  He  will 
find  that  relaxation  of  the  accommodation  will  be  facilitated  greatly 
by  keeping  both  eyes  open,  and  this  should  be  practised  during  the 
entire  test,  for  while  the  images  formed  upon  the  unemployed  eye 
will  at  first  be  confusing,  he  will  soon  accustom  himself  to  ignore 
them. 

The  student  should  now  search  for  the  head  of  the  optic  nerve,  as 
this  is  the  most  prominent  feature  in  the  fundus.  To  bring  this  into 
view,  he  should  request  the  patient  to  direct  his  gaze  slightly  toward 
the  left  when  the  right  eye  is  being  examined,  and  vice  versa  for  the 
' left  eye.  If  he  now  looks  closely,  he  will  observe  that  the  glare  fiom 
the  fundus  is  not  uniformly  red,  but  that  it  contains  a disk  of  color 
which  is  yellowish  white.  This  whitish  reflex  should  be  kept  steadily 
in  view,  and  as  his  accommodation  relaxes  he  will  find  that  the  whit.sh 
disk  resolves  itself  into  an  oval  body  yellowish  white  in  color,  forming 
a strong  contrast  to  the  reddish  color  of  its  surroundings.  This  is 
the  head  of  the  optic  nerve.  If  the  nerve  does  not  come  into  vdew, 
one  of  the  retinal  vessels  frequently  will,  and  this  should  be  .'ollowed 
up  until  the  nerve  is  reached,  the  avenue  of  entrance  and  exit  of  the 
retinal  circulation. 

Let  no  one  fancy,  however,  that  the  interior  of  the  eye  reveals 
itself  at  the  first  attempt  of  the  beginner,  no-:  let  him  be  discouraged 
on  that  account,  for  usually  much  persistence  and  no  little  pains  will 
be  demanded  of  him  before  he  accomplishes  his  purpose.  It  is  not 
desirable  at  first  for  the  student  to  try  to  discover  the  lens  in  the 
ophthalmoscope  with  which  he  sees  the  details  of  the  fundus  best,  for 
this  is  only  possible  after  much  practice  and  after  he  has  learned  to 
relax  his  accommodation  thoroughly.  For  determination  of  the 
refraction  by  the  direct  method,  ”ide  page  118. 

The  Normal  Eye-ground.  (Plate  II.)  On  account  of  the  many 
variations  in  the  normal  eve-ground,  the  beginner  is  urged  to  famil- 
iarize himself  with  tbs  appearance  of  many  fundi  which  are  known 
to  be  healthy,  to  prevent  confounding  physiological  changes  with 
pathological  ones,  xle  will  find  the  study  of  children’s  eyes  especially 
well  adapted  for  tins  purpose,  as  their  pupils  are  likely  to  be  larger 
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and  the  refracting  media  clearer  than  in  older  people,  and,  as  a rule, 
they  submit  more  willingly  to  the  irksome  routine  of  the  examination. 

The  most  prominent  feature  in  the  back  part  of  the  eye,  or  the 
fundus , is  the  head  of  the  optic  nerve,  the  optic  disk , or,  as  it  is  often 
called,  by  reason  of  its  slight  elevation  in  some  cases  beyond  the  sur- 
rounding retina,  the  optic  papilla.  Reddish  yellow  in  color,  with 
the  retinal  vessels  tapering  from  it,  it  forms  a striking  contrast  with 
the  uniform  reddish  coloration  of  the  rest  of  the  fundus.  Although 
the  general  appearance  of  the  nerve  is  reddish  yellow,  close  inspec- 
tion will  reveal  that  its  nasal  portion  is  slightly  darker  than 
the  temporal,  and  that  a whitish  circle  occupies  the  central  or 
temporal  portion  of  the  nerve.  This  whitish  circle  represents  an 
excavation  or  cup  in  the  nerve,  and  is  occasioned  by  the  separa- 
tion of  the  nerve  fibres  by  the  entrance  of  the  retinal  vessels  into 
the  eye.  (Fig.  18.)  This  cup  is  usually  funnel-shaped,  but  varies 


Fig.  18. 


Physiological  examination,  (sfriu.) 


greatly  in  size  and  position  as  well  as  :n  configuration.  It  may  be 
but  a small  depression  marking  the  entrance  of  the  bloodvessels,  or 
it  may  embrace  the  greater  part,  of  the  head  of  the  nerve.  At  the 
bottom  ot  the  excavation  the  Lamina  cribrosa  is  seen  as  a whitish 
plate  studded  with  grayish-biack  spots,  the  points  of  entrance  of 
the  nerve  fibres. 

Although  the  disk  is  in  reality  but  1.5  mm.  in  diameter,  it  appears 
quite  large  by  the  direct  method,  and  as  it  is  the  only  portion  of  the 
fundus  which  has  a fixed  form,  it  is  used  as  a landmark  to  note  the 
size  and  the  position  of  changes  in  the  fundus,  as,  for  example,  a 
hemorrhage  is  noted  as  being  in  the  retina  two  disk  diameters  above 
the  disk 

Sun  ounding  the  optic  nerve  are  two  rings  of  more  or  less  complete- 
ness- thj  innermost,  a whitish  circle,  the  scleral  ring,  and  bordering 
upon,  this  a pigmented  ring,  the  choroidal  ring,  as  seen  in  the 
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accompanying  illustration  (Fig.  19),  which  is  taken  from  Fuchs.  The 
scleral  ring  is  the  result  of  a larger  opening  in  the  choroid  than 


Fig.  19. 


Head  of  the  optic  nerve.  A.  Ophthalmoscopic  view.  Somewhat  to  the  inner  side  of  the  centre  of 
the  papilla  the  central  artery  rises  from  below,  and  to  the  temporal  side  of  it  rises  the  ceLfra)  vein. 
To  the  temporal  side  of  the  latter  lies  the  small  physiological  excavation  with  gray  suppling  of  the 
lamina  cribrosa.  The  papilla  is  encircled  by  the  light  scleral  ring  (between  c and  a'  ar  d the  dark 
choroidal  ring  at  d.  B.  Longitudinal  section  through  the  head  of  the  optic  nerve  Magnified  14  x 1. 
The  trunk  of  the  nerve  up  to  the  lamina  cribrosa  of  medullated  nerve  fibre:,,  n.  T)  e clear  inter- 
spaces, se,  separating  them  correspond  to  the  septa  composed  of  connective  tissue  Tbe  nerve  trunk 
is  enveloped  by  the  sheath  of  pia  mater,  p,  the  arachnoid  sheath,  ar,  and  the  sheath  of  dura  mater, 
du.  There  is  a free  interspace  remaining  between  the  sheaths,  consisti  ig <.  f the  subdural  space,  8d, 
and  the  subarachnoid  space,  sa.  Both  spaces  have  a blind  endin  £ in  the  odera  at  e.  The  sheath  of 
dura  mater  passes  into  the  external  layers,  sa,  of  the  sclera,  the  sh  ath  jf  pia  mater  into  the  internal 
layers,  si,  which  latter  extend  as  the  lamina  cribrosa  transversely  across  the  course  of  the  optic 
nerve.  The  nerve  is  represented  in  front  of  the  lamina  oi  L6ht  color,  because  here  it  consists  of 
non-medullated  and  hence  transparent  nerve  fibres.  The  nerve  spreads  out  upon  the  retina,  r, 
in  such  a way  that  at  its  centre  there  is  produced  a fun  ael-  ihaped  depression,  the  vascular  funnel, 
b,  on  whose  inner  wall  the  central  artery,  a,  and  the  eei.  trui  vein,  v,  ascend.  The  choroid,  ch,  shows 
a transverse  section  of  its  numerous  bloodvessels,  and  toward  the  retina  a dark  line,  the  pigment 
epithelium ; next  the  margin  of  the  foramer  to"  the  optic  nerve  and  corresponding  to  the  situation 
of  the  choroidal  ring  the  choroid  is  more  daJ<l>  pigmented,  ci  is  a posterior  short  ciliary  artery 
which  reaches  the  choroid  through  the  sc  era.  The  posterior  portion  of  the  scleral  canal  forms  a 
funnel  directed  backward,  the  anterior  portion  a funnel  directed  forward.  The  wall  of  the  anterior 
funnel  when  seen  in  front  appears  to  ia\  ■>.  the  extent,  cd,  and  corresponds  to  the  scleral  ring  visible 
by  the  ophthalmoscope.  (Fuchs.' 

the  sclera,  to  permit  of  the  entrance  of  the  optic  nerve  into  the  eye, 
as  a consequence  of  which  a portion  of  the  sclera  is  exposed.  The 
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choroidal  ring  is  formed  by  the  heaping  up  of  pigment  where  the 
choroid  adjoins  the  optic  nerve. 

The  vessels  of  the  retina  (Fig.  20)  consist  of  a main  arterial  and  a 
venous  stem,  the  central  artery  and  vein  of  the  retina,  which  divide, 
directly  after  they  have  emerged  from  the  nasal  side  of  the  excavation 
upon  the  head  of  the  nerve,  into  two  main  branches,  the  superior  and 
inferior.  These  further  subdivide  several  disk  diameters  distant  from 
the  disk  into  the  superior  and  inferior  temporal  and  the  nasal  branches, 
respectively,  and  still  further  subdivide  into  smaller  branches ; these 
branches  never  anastomose.  (Vide  page  418.)  The  macular  region 
is  supplied  by  small  twigs  from  the  superior  and  inferior  temporal 
branches,  and  often  by  two  small  twigs  directly  off  the  parent  stem 


Fig.  20. 


Distribution  of  retfu.'l  Tetsels.  (Jaeger.) 


on  the  disk,  the  superior  arci  inferior  macular  arteries;  larger  vas- 
cular stems  never  invade  its  territory.  The  arteries  are  smaller  and 
straighter  than  the  veins,  and  are  yellowish  red,  while  the  veins  are 
purplish.  Both  hava  a.  light  streak  along  the  centre  of  each,  which  is 
fainter  upon  the  veins,  the  reflex  streak.  The  veins  usually  accom- 
pany the  arteries,  and  have  the  same  distribution  and  name.  It  is 
usual  for  a distiuct  pulse  to  occur  in  the  veins  upon  the  head  of  the 
nerve.  Pulsation  in  the  arteries,  however,  is  always  pathological. 
The  retinal  vc  ssels  frequently  present  great  variations,  both  in  distribu- 
tion and  characteristics,  and  the  observer  will  often  be  puzzled  to 
decide  whether  such  variations  fall  within  physiological  limits.  The 
two  most  striking  variations  are  an  artery,  which  is  occasionally  seen, 
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and  which  arises  in  the  choroid  and  runs  inward  toward  the  disk,  then 
taking  a general  direction  toward  the  macula,  and  a cilio-retinal  vessel . 
(Fig.  21.)  Optico-ciliary  vessel  is  the  name  given  to  a branch  of  the 
central  vein  or  artery  which  disappears  at  the  edge  of  the  disk. 

The  student  should  acquire  the  habit  of  observing  the  retinal 
bloodvessels  with  great  care,  for  their  condition  is  frequently  indic- 
ative of  the  condition  of  the  bloodvessels  elsewhere  throughout 
the  system;  and  on  account  of  the  ability  actually  to  view  the  blood 
column  itself,  an  exceptional  opportunity  is  afforded  him  of  diag- 
nosing pathological  conditions  of  the  blood. 

The  reddish  appearance  of  the  fundus  surrounding  the  optic  nerve 
is  due  chiefly  to  the  blood  in  the  choroidal  capillaries,  although  the 
retinal  circulation  is  also  a slight  factor.  Of  more  influence  in  affect- 
ing the  general  coloration  of  the  fundus  is  the  pigment  in  the  retina, 
according  as  it  is  present  in  greater  or  lesser  quantity.  Thus  in 
brunettes,  in  whom  there  is  an  abundance  of  pigment,  the  general  tone 


Fig.  21. 


Cilio-retinal  artery.  From  the  outer  and  lower  margin  of  the  papilla  rises  a cilio-retii  al  t rtery, 
a,  making  a hook-like  bend.  In  this  case  it  is  larger  than  usual,  because  it  is  destined  to  replace 
the  main  infero-external  (inferior  temporal  branch)  of  the  central  artery,  which  bra  s wanting. 
(Fuchs.) 

is  deep  red  or  even  slate  color  in  pronounced  cacec.  in  blondes  it 
is  often  a delicate  pink,  and,  owing  to  the  absence  of  pigment  in  the 
retina  and  choroid,  the  entire  circulation  o[  the  choroid,  which  is 
quite  obscure  in  brunette  eyes,  is  laid  bare  to  che  gaze.  Albinism 
presents  this  to  an  extreme  degree,  the  ;ed  choroidal  vessels  being 
seen  to  course  over  the  white  background  that  is  formed  by  the  sclera. 
(Fig.  22.)  Although  the  retina  in  health  is  transparent  at  times,  espe- 
cially in  children,  it  is  so  rich  in  connective  tissue  that  a striated, 
grayish  appearance  is  given  to  the  fundus,  especially  in  the  neigh- 
borhood of  the  disk.  These  reflexes  frequently  accompany  the  vessels, 
and  are  so  prominent  that  they  give  the  retina  a watered-silk  appear- 
ance. They  are  usually  more  marked  around  the  yellow  spot  and 
occasion  the  halo  which  currounds  that  area. 

A number  of  small  shining  bright  dots  are  sometimes  seen  in  the 
retina  anterior  to  ti le  i etinal  vessels ; they  were  called  by  Marcus  Gunn, 
who  first  described  them,  “creek  dots.”  They  are  only  visible  by  the 
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direct  method,  and  are  not  easily  seen.  Their  nature  is  not  known; 
they  may  occur  in  several  members  of  a family,  and  are  often 
hereditary. 

The  macula , the  region  of  greatest  importance  of  the  retina,  reveals 
itself  only  after  some  difficulty  upon  the  part  of  the  ophthalmologist, 
as  it  has  no  characteristic  sufficiently  striking  to  delineate  it.  It  is  an 
oval  area,  with  the  long  axis  horizontal,  is  more  deeply  pigmented 
than  the  surrounding  fundus,  and  is  avascular.  From  its  centre  a 
bright  reflex  is  emitted,  the  fovea  centralis . 


Fig.  22. 


Ophthalmoscopic  representation  of  the  eye-ground  of  tlb  no.  (Jaeger.) 

To  examine  this  region  when  the  pupil  is  undilated,  the  ophthal- 
moscope should  be  slowly  moved  upward  and  inward,  while  the 
observer  brings  his  line  of  vision  to  a point  about  two  to  two-and-a- 
half  disk  diameters  outward  from  the  disk.  When  the  pupil  is  dilated, 
the  macula  may  be  seen  by  having  the  patient  gaze  directly  into  the 
sight-hole  of  the  ophthalmoscopic  mirror.  The  'periphery  of  the  eye- 
ground  should  also  be  carefully  studied;  and  in  order  that  no  part  of 
it  may  escape,  it  is  well  for  the  student  to  follow  each  branch  of  the 
central  artery  of  the  rcrina  as  far  forward  as  is  possible. 


CHAPTER  II. 


THE  PHYSIOLOGY  OF  VISION. 

By  WILLIAM  NORWOOD  SUTER,  M.D. 

Vision  is  the  mental  interpretation  of  an  impulse  conducted  from 
the  rods  and  cones  of  the  retina  through  the  optic  nerves  and  tracts 
to  the  visual  areas  of  the  brain.  These  areas  are  situated  in  the  cuneal 
and  occipital  lobes  at  the  internal  and  posterior  region  of  each  hemi- 
sphere. As  to  the  manner  in  which  the  physical  impulse  is  trans- 
formed into  vision,  we  have  no  knowledge,  as  we  have  not  of  any 
other  kind  of  perception. 

The  visual  impulse  normally  results  from  the  action  of  light  on  the 
rods  and  cones.  This  action  is,  in  part  at  least,  chemical,  the  visual 
purple  of  the  retina  being  changed  into  a colorless  substance. 

Artificial  (electrical)  stimulation  of  the  optic  nerve  or  of  the  visual 
areas  causes  only  the  sensation  of  light  (illumination)  as  distinguished 
from  darkness.  For  the  distinction  of  objects  by  the  visual  sense,  it 
is  requisite  that  the  object  be  reproduced  in  an  image  on  the  retina, 
thus  stimulating  only  such  rods  and  cones  as  are  covered  by  the  image. 
In  this  way  a mental  picture  is  realized  corresponding  to  the  image 
delineated  on  the  retina.  Thus  the  question  of  the  physiology  of 
vision  resolves  itself  largely  into  an  investigation  of  the  laws  of  light, 
in  adaptation  to  which  the  eye  is  constructed. 

OPTICS. 

Light  is  a form  of  energy  capable  of  giving  rise  to  vision,  but 
capable,  also,  under  suitable  conditions,  of  being  transformed  into 
other  kind  of  energy. 

That  branch  of  science  which  treats  of  rhe  laws  of  light  is  called 
optics.  Optics  deals  not  only  with  light  ju  its  relation  to  the  organ 
of  vision;  it  investigates  the  laws  which  govern  light-energy,  irre- 
spective of  the  eye — the  organ  by  widen  alone  the  phenomena  of  light 
are  manifested  to  our  consciousness  It  behooves  us  to  consider  here, 
however,  only  so  much  of  the  subject  of  optics  as  will  afford  a correct 
understanding  of  the  formation  of  the  retinal  image. 

A body  whose  constitution  is  such  as  to  produce  light-energy — to 
emit  light — is  said  to  be  self-luminous.  Such  a body  emits  light  in 
all  directions  and  in  rhythmical  impulses  or  waves. 

Since  we  canno  ■ conceive  that  light  or  any  other  form  of  energy 
may  traverse  space  without  the  intervention  of  a medium,  it  is  neces- 
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sary  to  assume  the  existence  of  an  all-pervading  substance,  called 
ether , by  means  of  which  light- vibrations  are  transmitted. 

The  velocity  of  light  through  space  is,  as  demonstrated  by  astro- 
nomical observations,  about  300,000,000  metres  (186,000  miles)  per 
second. 

A luminous  body  does  not  ordinarily  emit  a single  wave,  but  a num- 
ber of  waves  of  different  length  and  rapidity  of  vibration.  Only  those 
waves  within  certain  limits  of  periodicity  (from  394  million  millions  to 
763  million  millions  of  vibrations  per  second)  affect  the  eye  as  vision. 

Color  depends  upon  the  wave-length  and  rapidity  of  vibration  The 
wave  of  greatest  length  and  least  rapidity  gives  rise  to  the  sensation 
of  red;  that  of  least  length  and  greatest  rapidity  gives  the  sensation 
of  violet.  Between  these  limits  are  comprised  all  light-waves,  which 
produce  the  colors  of  the  rainbow  or  spectrum.  Ordinary  white  light 
is  composed  of  all  these  waves  acting  upon  the  retina  in  unison. 

It  is  not  definitely  known  how  color-sensations  are  produced;  but 
according  to  the  Young-Helmholtz  theory  (the  commonly  accepted 

Fig.  23. 


one)  there  are  three  sets  of  rods  and  cones,  each  set  being  affected  by 
waves  of  certain  lengths  only.  These  groups  of  waves  correspond  to 
the  three  primary  colors,  red,  green,  and  blue.  By  the  combined 
effect  in  varying  proportion  upon  the  retina  of  these  three  elements 
all  color-sensations  are  produced. 

A substance  which  permits  the  passage  of  light  is  called  a medium 
or  a transparent  body.  Ore  which  does  not  permit  the  passage  of  light 
is  said  to  be  opaque. 

When  light  meets  an  opaque  body,  it  is  either  reflected  back  into  the 
medium  from  which  it  came,  or  it  is  absorbed — converted  into  other 
form  of  energy. 

If  the  medium  surrounding  a luminous  point  is  homogeneous,  the 
light  emitted  from  this  point  will  travel  equally  in  all  directions  and 
the  wave-front  will  be  spherical.  (Fig.  23.) 

A small  Tortion  of  this  wave  (BOB),  such  as  might  enter  an  eye, 
is  called  a pencil.  An  infinitesimal  pencil  is  called  a ray.  Thus, 
mathematically,  a ray  is  a straight  line  (B  O)  perpendicular  to  the 
wave-front. 
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In  the  study  of  optics  it  is  often  convenient  to  regard  light  as  com- 
posed of  rays  proceeding  in  every  direction  from  a luminous  point; 
and  we  may  with  propriety  make  this  assumption,  provided  we  do  so 
with  the  understanding  that  it  does  not  represent  the  true  mode  of 
transmission. 

Every  point  of  a luminous  body  emits  light,  hence  there  proceeds 
from  a body  of  appreciable  size  a great  number  of  waves  whose  paths 
cross  each  other  in  various  directions.  We  must  assume,  therefore, 
that  many  waves  may  traverse  the  same  medium  at  the  same  time, 
each  wave-disturbance  being  superposed  upon  that  of  the  other,  a 
principle  with  which  we  are  familiar  in  the  superposition  of  motions. 

Formation  of  Images.  In  order  that  an  object  may  be  reproduced 
in  an  image,  it  is  essential  that  light  from  any  point  of  the  object  shall 
reach  a corresponding  point  on  the  intercepting  screen,  and  that  light 
from  all  other  parts  of  the  object  shall  be  excluded  from  this  point. 
The  simplest  way  in  which  this  can  be  accomplished  is  illustrated  in 
Fig.  24.  S S represents  an  opaque  diaphragm  in  which  there  is  a 


minute  opening,  0.  Light  from  A passes  through  the  opening  and 
falls  upon  the  screen  at  At.  Light  from  other  parts  of  A B cannot 
reach  At.  Hence  at  A,  the  luminous  point  A i:  reproduced;  so  for 
every  other  point  of  A B,  and  Al  J3,  is  an  inverted  image  of  A B. 
The  objection  to  this  device  is  that  the  opining  must  be  so  minute 
as  to  allow  the  passage  of  a single  ray,  or  at  least  of  a very  small 
pencil  from  each  point  of  the  object;  consequently  the  image  is  very 
feebly  illuminated. 

Refraction.  In  the  eye  and  in  other  optical  apparatus  greater 
illumination  is  secured  and  the  apparatus  made  more  sensitive  by  re- 
fraction of  the  pencils.  By  this  means,  larger  pencils  are  concentrated 
to  a point  in  the  image. 

It  is  found  that  the  velocity  of  light  is  less  in  dense  than  in  rare 
substances.  The  effect  which  this  retardation  has  upon  rays  is  illus- 
trated in  Fig.  25,  in  which  BOB  represents  a section  of  a spherical 
wave  meeting  a denser  medium  in  the  plane  S S.  That  part  of  the 
wave  which  +ra\  ei»  along  0 A meets  the  surface  sooner  than  that 
which  travels  along  0 B;  hence  when  the  former  traverses  the  distance 
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A H in  the  dense  medium,  the  latter  traverses  the  greater  distance 
B S,  in  the  rare  medium.  In  this  way  the  wave-front  is  flattened  so 
that  the  centre  of  the  wave  is  now  situated  at  I.1  S H S being  the 
wave-front,  the  rays  are  represented  by  lines  drawn  perpendicular  to 
the  arc  S H S,  as  I S and  I H.  The  direction  of  all  the  rays  is 
changed  except  that  of  0 A , which  is  perpendicular  to  the  surface. 
All  other  rays  are  said  to  be  refracted.  The  degree  of  refraction  de- 
pends upon  the  obliquity  with  which  the  rays  meet  the  surface  and 


the  relative  retardation  of  light  by  the  second  medium.  The  latter  is 
called  the  relative  refractive  index  for  the  two  substances.  When  the 
first  medium  is  a vacuum  (ether)  the  relative  index  becomes  the  abso- 
lute index.  The  velocity  of  light  in  vacuo  being  regarded  as  unity, 
the  absolute  index  of  water  is  1.33,  that  of  spectacle  glass  is 
about  1.52,  and  that  of  air  is  1.0003,  and,  being  so  nearly  identical 
with  that  of  ether,  it  is  regarded  as  unity. 


Refraction  at  Curved  Surlaces.  What  has  been  illustrated  as  occur- 
ring at  a plane  surface  occor?  similarly  at  a curved  surface.  Fig.  26 
illustrates  the  passage  of  a wave  from  a rarer  to  a denser  medium  at 
a convex  surface.  In  this  case  the  flattening  of  the  wave  is  greater 
than  it  would  be  as  affected  by  a plane  surface;  but,  as  with  the  plane 
surface,  the  pencil  is  still  divergent  after  the  refraction.  With  greater 
convexity  or  refractive  index  the  flattening  may  be  such  that  the  wave 
is  plane  aftQi  refraction,  as  illustrated  in  Fig.  27;  the  refracted  rays 
are  parallel. 

1 Wc  for  the  present  that  the  refracted  wave-front  is  spherical,  and  that  the  refracted  rays 

all  yn.  :e',d  from  the  same  point,  I;  we  shall  learn  later  that  this  assumption  is  permissible  only  when 
a sn  a»I  portion  or  pencil  of  the  wave  is  considered. 
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Thirdly,  as  illustrated  in  Fig.  28,  the  retardation  may  be  so  great 
that  after  refraction  the  rays  converge  to  a point,  /,  which  is  the  focus 
of  the  refracted  pencil.  This  focus  is  illuminated  by  all  the  rays  of 
the  pencil  S 0 S;  it  is  consequently  a bright  point  corresponding  to 
the  bright  point  0,  from  which  the  pencil  proceeds.  I is  the  image  of 
0,  and  the  two  points  are  called  conjugate  foci  with  respect  to  each 
other. 

In  Fig.  26  light  from  0 appears  after  refraction  to  come  from  1 ; 
0 and  I are,  as  in  Fig.  28,  conjugate  foci,  but  in  this  case  I is  not  an 


Fig.  27. 


illuminated  point.  It  is  called  an  imaginary  or  virtual  focus,  in  contra- 
distinction to  the  real  focus  I in  Fig.  28.  . 

The  distances  0 A and  I A are  called  conjugate  focal  distances , 
the  line  0 I,  on  which  the  distances  are  measured,  is  called  the  axis. 

In  Fig.  27  the  rays  are  parallel  to  the  axis  after  refraction,  that  is, 
mathematically  they  intersect  the  axis  at  infinity. . The  point  F.  so 
situated  that  the  rays  are  parallel  after  refraction,  is  called  the  prin- 
cipal focus.  . 

Relative  Positions  of  Conjugate  Foci.  If  we  examine  matnemati- 
cally  the  relation  between  conjugate  foci,  we  find  that  when  0 is 

Fig.  28. 


situated  nearer  the  refracting  surface  than  the  principal  focus  the 
conjugate  focus  I is  virtual;  it  lies  on  the  same  side  of  the  surface  as 

0.  (Fig.  26.)  . . , . 

When  0 is  more  remote  from  the  surface  than  the  principal  locus, 
the  conjugate  7 lies  on  » hf  opposite  side  of  the  surface,  and  is  real. 

(Fig.  28.)  , • . .u 

As  the  point  0 recedes  from  the  surface  the  conjugate  on  the  oppo- 
site side  approaoies  the  surface,  and  when  the  distance  0 A becomes 
infinite,  that  u when  the  incident  wave  becomes  plane  (the  rays 
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parallel),  the  refracted  wave  converges  to  the  point  F'  (Fig.  29), 
which  is  the  'posterior  principal  focus,  in  contradistinction  to  F 
(Fig.  28),  which  is  the  anterior  principal  focus.  Rays  proceeding  from 
the  anterior  principal  focus  are  parallel  after  refraction,  and  rays  which 
are  parallel  before  refraction  converge  to  the  posterior  principal  focus. 


Fig.  29. 


Fourthly,  the  point  0 may  lie  to  the  right  of  the  surface,  that  is, 
the  wave  is  already  converging  to  this  virtual  focus  before  refraction. 
In  this  case  I lies  on  the  same  side  of  the  surface  as  0 and  nearer  to 
the  surface.  (Fig.  30.) 


Collective  Refraction.  In  the  condition  illustrated  in  Fig.  26  the 
divergence  of  the  pencil  is  diminished  by  the  refraction;  in  that  illus- 
trated in  Fig.  27  the  divergence  is  neutralized ; in  the  condition  illus- 
trated in  Fig.  28  the  divergence  is  more  than  neutralized,  the  wave  is 
rendered  convergent,  and  in  the  fourth  condition  the  convergence  of 
the  already  converging  pencil  is  increased.  Hence  the  refraction 
which  occurs  when  light  passes  from  a rarer  to  a denser  medium  at  a 
convex  surface  is  collective  or  converient d 

It  is  evident  that  we  may  reverse  the  course  of  light  in  these  illus- 
trations, that  is,  we  may  regard  ) as  the  focus  before  refraction,  and  0 
as  the  conjugate  after  refraction.  Hence  these  diagrams  serve  equally 
well  to  illustrate  refraction  which  takes  place  when  light  passes  from 
a denser  to  a rarer  medium  at  a concave  surface.  Such  refraction  is 
therefore  collective. 

Dispersive  Refraction.  It  would  be  superfluous  to  illustrate 
here  the  refraction  which  occurs  when  light  passes  from  a rarer  to  a 
denser  medium  at  a concave  surface,  or,  its  equivalent,  that  at  a con- 

1 An  exce*.  ;ioi  to  this  occurs:  (1)  when  the  incident  wave  is  directed  toward  the  centre  of  the  sur- 
face; all  *he  rt-ys  then  being  perpendicular  to  the  surface  there  will  be  no  refraction  ; and  (2)  when, 
the  wav>  * is  converging  to  a point  to  the  left  of  C,  that  is,  to  a point  nearer  the  surface  than  the  centre, 
in  wMcr  case  the  divergence  of  the  pencil  will  be  increased — conditions  which  do  not  arise  in  ocular 
re'i  iciion. 
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vex  surface  when  light  passes  from  a denser  to  a rarer  medium.  It 
is  apparent  that  the  effect  of  such  refraction  is  opposite  to  that  which 
has  been  illustrated,  that  is,  the  divergence  of  the  pencil  will  be 
increased  by  such  refraction.  This  is  called  dispersive  refraction. 
A pencil  of  light  diverging  from  a point,  being  rendered  still  more 
divergent  by  dispersive  refraction,  can  never  be  united  by  such  in  a 
real  focus. 

Formation  of  Images  by  Collective  Refraction.  The  formation  of 
images  by  refraction  is  illustrated  in  Fig.  31.  All  rays  of  the  pencil 
diverging  from  0,  are  concentrated  at  the  conjugate  focus  /,.  No 
light  from  other  parts  of  the  object  0 0,  can  reach  /„  but  each  point 
lying  between  0 and  0,  has  a corresponding  conjugate  lying  between  I 
and  /,;  hence  1 lx  is  the  image  of  0 0,. 

We  have  learned  that  in  collective  refraction  there  will  be  a real 
focus  conjugate  to  any  point  (0,)  when  this  point  is  further  from  the 
surface  than  the  first  principal  focus;  hence  there  will  be  a real  and 
an  inverted  image  of  0 0,  whenever  the  distance  A 0 (or  A,  0„  for 
0 0,  and  1 7,  are  really  arcs  of  circles  whose  radii  are  C 0 and  C I) 
is  greater  than  the  principal  focal  distance  A F. 


Fig.  31. 


Cardinal  Points.  It  is  apparent  that  any  ray,  as  0L  Iv  which  passes 
through  the  centre  of  curvature  of  the  refracting  surface  undergoes  no 
refraction.  From  this  property  the  point  C is  called  the  nodal  point; 
and  any  ray  (0L  /,)  passing  through  this  point  is  called  a secondary 
axis,  in  contradistinction  to  the  primary  or  principal  fxi *01.  The 
point  A,  where  the  surface  intersects  the  principal  axis,  is  called  the 
principal  point.  These  two — the  nodal  and  principal  points  together 
with  the  two  principal  foci  constitute  the  cardinal  points  of  the  re- 
fraction. 

If,  as  has  been  done  in  the  figure,  the  diagram  be  so  drawn  that  the 
incident  ray  Oi  Slf  and  the  refracted  ray  S I ly  are  each  parallel  to 
the  axis  0 1,  it  is  evident  that  in  so  doing  we  have  a means  of 
determining  the  position  of  th^  principal  foci  F and  F'.  Conversely, 
if  we  know  the  position  of  thes''  foci  and  of  the  other  two  cardinal 
points,  we  may  by  the  same  geometrical  construction  ascertain  the 
position  and  the  size  of  the  image  (/  /,)  of  an  object,  0 0r 

The  Aphakic  Eye.  Since  it  is  requisite  for  vision  that  a real  image 
of  the  object  viewed  Lc  formed  on  the  retina,  it  is  apparent  that  the 
eye  must  be  so  constructed  as  to  constitute  a collective  refractive 
apparatus.  The  simplest  device  of  this  kind  is  that  of  a single  surface, 
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just  illustrated.  The  first  medium  is  the  air,  through  which  light  from 
external  objects  is  normally  conducted  to  the  eye.  The  refracting 
surface  is  the  anterior  surface  of  the  cornea,  a convex  surface  sepa- 
rating the  air  from  the  denser  interior  substance  of  the  eye,  namely, 
the  cornea,  the  aqueous  humor,  and  the  vitreous  body,  the  refractive 
index  of  all  these  media  being  practically  identical.1  This  is  the 
condition  of  the  eye  deprived  of  its  crystalline  lens — the  aphakic  eye. 
Such  an  eye,  provided  it  has  sufficient  length,  fulfils  the  require- 
ments of  nature  except  in  one  respect:  it  has  no  means  of  adapting 
itself  to  different  distances.  We  have  learned  (p.  57)  that  the  nearer 
the  object  is  to  the  refracting  surface  the  further  does  the  image  on 
the  opposite  side  of  the  surface  recede  from  the  surface.  Hence  if 
the  retina  is  at  such  a distance  from  the  cornea  that  distant  objects 
are  clearly  focused  on  the  layer  of  rods  and  cones,  the  conjugate  focus 
for  near  objects  must  fall  behind  the  retina.  The  rays  of  light  in 
this  case  being  intercepted  by  the  retina  before  they  are  united  in  a 
focus,  objects  so  seen  must  appear  indistinct.  In  the  physiological 
eye,  adjustment  to  different  distances  is  accomplished  by  the  crystalline 
lens , which  is  capable,  within  certain  limits,  of  undergoing  increase  of 
curvature  to  meet  the  requirements  of  correct  focusing. 

Lens-refraction.  A lens  is  defined  as  a portion  of  transparent  sub- 
stance bounded  by  one  plane  and  one  curved  surface,  or  by  two  curved 
surfaces,  both  centred  on  the  same  axis. 


Fro.  32. 
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Lenses  are  classified  according  to  the  lorm  of  curvature : as  spherical , 
cylindrical , toric , elliptical , paraho'uldal,  etc.  Although  lenses  of  the 
latter  kinds  of  curvature  h°v2  i>een  made,  the  circle  is  the  basis  of 
curvature  in  practical  lens  construction,  that  is,  artificial  lenses  are 
either  spherical , cylindrical . or  toric.  Spherical  lenses  have  the  same  cur- 
vature, and  consequently  the  same  refracting  power  in  all  meridians; 
cylindrical  lenses  have  a circular  curvature  in  the  meridian  at  right 
angles  to  the  axis  of  the  cylinder,  but  no  curvature  in  the  direction  of 
this  axis;  toric  lenses  lie  between  spherical  and  cylindrical  lenses,  that 
is,  they  have  circular  curvature  in  each  of  the  two  meridians  indicated 


1 In  realty  the  index  of  the  cornea  is  considerably  greater  than  that  of  the  aqueous,  and  a diver- 
gent action  u exerted  by  the  refraction  at  the  posterior  corneal  surface  ; but  owing  to  the  extreme 
thinnt  s?  or  the  cornea,  this  refraction  may  be  disregarded  without  material  error,  provided  we  assign, 
to  th«  * cornea  the  lower  index  of  the  aqueous. 
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(the  principal  meridians),  but  the  curvature  is  greater  in  one  than  in 
the  other  meridian.1 

Lenses  are  classified  also  in  respect  of  curvature,  as:  1,  plano-convex; 
2,  bi-convex;  3 and  4,  concavo-convex;  5,  plano-concave;  and  6,  bi- 
concave (Fig.  32). 

Artificial  lenses  are  made  usually  of  glass  and  are  surrounded  by 
air;  and  since  the  refractive  index  of  glass  is  greater  than  that  of  air, 
it  is  apparent  that  plano-convex  and  bi-convex  lenses  are  collective 
in  action,  that  plano-concave  and  bi-concave  lenses  are  dispersive,  and 
that  concavo-convex  lenses  are  collective  (3,  Fig.  32)  or  dispersive 
(4,  Fig.  32)  according  as  the  convex  or  the  concave  refraction  is 
greater.2  In  the  former  case  the  concavo-convex  lens  is  called  a con- 
verging meniscus,  and  in  the  latter  a diverging  meniscus.  Menisci  are 
called  also  periscopic  lenses. 

The  formation  of  a real  image  by  a collective  lens  is  illustrated  in 
Fig.  33.  As  in  collective  refraction  by  a single  surface,  a real  image 
is  formed  when  the  first  conjugate  focal  distance  is  greater  than  the 
principal  focal  distance.  As  the  distance  of  the  object  increases  the 


Fia.  33. 


conjugate  focus  moves  nearer  to  the  lens,  and  when  the  object  is 
situated  so  far  that  the  rays  may  be  regarded  as  parallel,  die  image 
will  be  formed  at  the  posterior  focus,  F' . When  the  rays  are  already 
convergent  before  entering  the  lens,  the  image  will  lie  b°i ween  the  lens 
and  the  posterior  principal  focus.  When  the  object  is  situated  at  the 
anterior  focus  F,  the  rays  will  be  parallel  after  passing  through  the 
lens,  and  no  image  will  be  formed.  When  the  object  is  within  the 
anterior  principal  focus,  the  rays  after  passing  through  the  lens  will 
appear  to  come  from  a virtual  focus — the  image  will  be  virtual. 

Since  a dispersive  lens  increases  the  di  mergence  of  pencils,  it  is  ap- 
parent that  a real  image  can  be  formed  after  refraction  by  such  a 
lens  only  when  the  rays  have  received,  by  previous  or  subsequent 
collective  refraction,  a convergm-m  greater  than  the  divergent  action 
of  the  dispersive  lens.  The  action  of  a dispersive  lens  is  illustrated  in 
Fig.  34.  Rays  proceeding  from  a point  0,  appear  after  refraction  by 
the  lens  to  come  from  1.  W lieu  the  distance  C 0 may  be  regarded  as 

1 Cylindrical  and  toric  lenses  will  be  considered  more  fully  in  another  chapter 

2 The  exceptions  noted  ;n  the  case  of  refraction  by  single  surfaces  do  not  arise  in  lens-refraction  ; 
the  result  of  the  two  refra  :ti"ns  is  always  collective  in  the  case  of  convex  lenses  and  dispersive  in 
the  case  of  conca,re  'ernes. 
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infinite,  / coincides  with  F',  which  is  the  posterior  principal  focus, 
since  it  is  the  virtual  focus  for  rays  which  are  parallel  before  refraction. 
The  anterior  principal  focus  is  F (behind  the  lens),  for  rays  which  are 
directed  toward  this  point  before  refraction  are  parallel  after  refrac- 
tion. 


Fig.  34. 


Cardinal  Points  in  Lens-refraction  In  refraction  at  a single  surface 
rays  passing  through  the  centre  of  curvature  undergo  no  refraction, 
and,  as  we  have  learned,  the  centre  of  curvature  is  on  this  account 
called  the  nodal  point  or  the  optical  centre.  But,  since  in  a lens 
there  are  two  refractions,  the  optical  centre  must  be  situated  so  that 
as  regards  any  ray  passing  through  it  the  refraction  at  the  first  surface 
must  be  exactly  counteracted  by  that  at  the  second  surface.  A ray,  as 
Ox  C lx  (Fig.  33),  passing  through  the  optical  centre  C , undergoes  no 
change  in  direction,  but  a lateral  displacement  varying  with  the  thick- 
ness of  the  lens. 

There  are  two  nodal  points:  the  first  one  (A). is  that  point  on  the 
principal  axis  toward  which  the  nodal  rays  are  directed  before  refrac- 
tion; and  the  second  one  (A')  is  the  point  from  which  these  rays 
appear  to  proceed  after  refraction. 

Any  nodal  ray,  as  0V  Ih  is  a secondary  axis,  and  as  the  thickness 
of  the  lens  becomes  insignificant  in  comparison  with  the  focal  distances, 
the  nodal  ray  approximates  a straight  line.  In  thin  case  the  two  nodal 
points  are  merged  in  a single  nodal  point,  coinciding  with  the  optical 
centre.  Hence  when  the  thickness  of  the  ions  is  disregarded  (as  in 
artificial  lenses  used  in  ophthalmology),  the  cardinal  'points  are  three 
in  number:  the  nodal  point  (or  the  epical  centre)  and  the  two  prin- 
cipal foci. 

The  principal  focal  distances  are  measured  from  the  nodal  point 
(which  in  this  respect  is  also  the  principal  point),  and,  as  so  measured, 
the  two  principal  focal  distant  es  are  equal,  for,  disregarding  the  thick- 
ness of  the  lens,  the  sum  ot  the  two  refractions  must  be  the  same, 
whether  one  or  the  other  of  the  two  surfaces  be  exposed  to  incident 
rays. 

Numeration  of  lenses.  The  principal  focal  distance,  or  the  focal 
length  of  a lens,  measures  its  refractive  power,  the  latter  being  in- 
versely proportional  to  the  focal  length.  The  unit  of  measurement 
in  ophthalmology  is  the  dioptre.  This  represents  the  power  of  a lens 
having  a focal  length  of  one  metre.  A lens  having  a focal  length  of 
one-half  metre  is  twice  as  strong  as  the  unit-lens,  and  consequently 
has  a power  of  two  dioptres  (2  D.) ; a lens  having  a focal  length  of  two 
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metres  has  a power  of  0.5  D.,  etc.1  Collective  lenses  are  denoted  by 
the  plus  ( + ) sign,  and  dispersive  ones  by  the  minus  ( — ) sign. 

The  Crystalline  Lens.  This  is  a bi-convex  lens  composed  of  fibrillar 
structure,  increasing  in  density  toward  the  . centre  or  nucleus,  the 
whole  being  enclosed  in  a transparent  capsule  and  suspended  by  the 
suspensory  ligament  between  the  aqueous  humor  anteriorly  and  the 
vitreous  body  posteriorly.  The  refractive  index  of  the  crystalline 
lens  as  a whole — the  equivalent  refractive  index — is  about  1.438,  while 
that  of  the  aqueous  and  vitreous  is  about  1.337.  Since  the  index  of 
the  bi-convex  crystalline  lens  is  greater  than  that  of  the  surrounding 
media,  this  lens  must  exert  a collective  action  upon  the  rays  of  light 
which  pass  through  it  after  having  undergone  refraction  at  the 
cornea. 

In  the  corneal  refraction  the  anterior  focus  is  about  23  mm.  from 
the  cornea,  and  since  objects  viewed  by  the  eye  are  at  a greater  dis- 
tance than  this,  it  follows  that  the  rays  from  any  point  of  the  object 
are  already  converging  to  a conjugate  behind  the  cornea  when  they 
enter  the  crystalline  lens.  The  convergence  is  increased  by  the  col- 
lective action  of  the  lens,  so  that  the  rays  are  brought  to  a focus 
sooner  than  they  would  be  without  the  lens. 

Compound  Optical  Systems.  Several  refracting  surfaces  centred 
in  a common  axis,  and  separated  by  intervals,  as  the  various  surfaces 
of  the  eye,  constitute  a compound  optical  system.  It  wTas  first  demon- 
strated by  the  mathematician  Gauss  that  such  a system  is  exactly 
analogous  to  a simple  system,  except  that  the  anterior  and  posterior 
focal  distances  are  measured  not  from  a single  point,  but  from  two 
principal  points  separated  by  an  interval.  Similarly  there  are  t oo 
nodal  points,  having  the  same  significance  as  the  nodal  points  of  a 
thick  lens  (Fig.  33) ; but  when,  as  in  the  eye,  the  final  medium  differs 
in  index  from  the  first,  the  nodal  points  do  not  coincide  in  position  with 
the  principal  points,  as  they  do  in  a lens;  in  this  respect  the  eye  is 
comparable  to  a single  surface. 

The  Schematic  Eye.  The  curvatures,  indices,  and  positions  of  the 
refractive  media  of  the  human  eye  have  been  very  accurately  inves- 
tigated. The  following  table  presents  the  avciag^  values  which  have 
been  determined  for  the  normal  adult  eye. 

Curvatures. 

Anterior  surface  of  the  cornea  ....  ... 

Posterior  surface  of  the  cornea  

Anterior  surface  of  the  lens  during  relaxation  of  the  ciliary  muscle 
Posterior  surface  of  the  lens 
Indices. 

Cornea,  1.377  

Aqueous,  1.337  

Lens,  1.438  ' 

Vitreous,  1.337 

1 In  the  old  system  of  enumc.'*<u,<>u  the  inch-lens  was  taken  as  the  unit  of  measurement.  As  lenses 
having  a focal  length  of  onl>  on<  inch  are  seldom  used  in  ophthalmology,  the  weaker  lenses  in  com- 
mon use  had  all  to  be  e^ipieised  in  fractions.  Thus  a lens  of  1 D.  (having  a focal  length  of  forty  English 
inches)  would  be  deni  'eh  b:  che  fraction  i/*o ; a lens  of  2 D.  would  be  expressed  by  the  fraction  ’/so,  etc. 


7.8  mm. 
6.0  “ 
10.0  “ 
6.0  “ 
Thickness. 
, 1.0  mm. 

, 2.6  “ 
4.0  “ 


By  applying  the  formula  of  Gauss  to  these  data  the  following  are 
deduced  as  the  cardinal  points  of  the  average  normal  eye : 

First  principal  point  (H) 1.8 

Second  principal  point  (H') 2.1 

First  nodal  point  (N) 7.1 

Second  nodal  point  (N') 7.4 

Anterior  principal  focus  (F) 14 

Posterior  principal  focus  (F')  ....  23 

A diagrammatic  eye  constructed  in  accordance  with  these  meas- 
urements is  called  a schematic  eye.  (Fig.  35.) 

Fig.  35. 


mm.  behind  anterior  surface  of  cornea. 

<<  <<  <<  U || 

<<  <<  <(  ft  (I 

“ in  front  of  the  cornea 
“ behind  anterior  surface  of  cornea. 


The  Reduced  Eye.  It  will  be  noticed  that  the  interval  between  the 
two  principal  and  between  the  two  nodal  points  is  only  0.3  mm.;  if  we 
neglect  this  interval  and  merge  the  two  principal  and  the  two  nodal 
points  into  a single  principal  and  a single  nodal  point,  the  refractive 
effect  of  the  eye  is  in  all  respects  similar  to  that  of  a single  surface  of 
suitable  curvature,  the  surface  intersecting  the  axis  where  the  principal 
points  are  merged,  and  the  indices  being  those  of  the  first  (air)  and 
final  medium  (vitreous),  respectively.  Such  a substitution  is  called 
the  reduced  eye.  The  reduced  eye  is  useful  for  the  study  of  refraction, 
especially  for  experimental  demonstration.  The  index  of  water  is  very 
nearly  the  same  as  that  of  the  vitreous;  hence  we  may  make  an  arti- 
ficial eye  for  demonstration  by  filling  a suitable  receptacle  with  water, 
the  cornea  being  represented  by  a very  thin  spherical  segment  of  glass, 
and  the  posterior  face  of  the  receptacle  haring  a ground-glass  face  on 
which  images  are  projected;  or,  for  the  study  of  the  fundus,  a painted 
representation  of  the  retina  and  bloodvessels  may  be  substituted. 
The  curvature  of  the  artificial  cornea  should  be  such  that  the  focal  dis- 
tances are  approximately  equs  1 to  those  of  the  normal  eye.  If  water  is 
the  refractive  medium,  the  radius  of  curvature  should  be  about  5 mm. 

Emmetropia.  The  posterior  focal  distance  of  the  schematic  eye  is 
(approximately)  21  mm.,  and  the  second  principal  point,  from  which 
this  distance  is  measured,  lies  about  2 mm.  behind  the  anterior  surface 
of  the  cornea;  benee  the  posterior  focus  of  the  eye  lies  23  mm.  behind 
the  corneal  summit;  that  is,  parallel  rays  will  be  brought  to  a focus 
at  this  distance  from  the  cornea.  If  the  retina  coincides  in  position 
with  thio  focus,  the  eye  is  adapted  to  receive  a clear  impression  of  a 
distant  object.  When  this  relation  exists,  the  condition  is  called  em- 
metroy;<'J.  This  is  the  ideal  or  normal  state  of  refraction;  but  as  this 
re!  ition  depends  upon  the  curvature  of  the  various  surfaces  as  well  as 
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upon  the  size  of  the  eyeball,  it  is  not  to  be  expected  that  it  uniformly 
occurs,  even  in  healthy  eyes.  In  fact,  strictly  speaking,  emmetropia 
seldom  exists,  but  it  is  only  when  the  variation  from  the  standard  is 
capable  of  producing  disturbance  (visual  or  nervous)  that  the  con- 
dition is  to  be  regarded  as  abnormal;  any  deviation  from  emmetropia 
is  called  ametropia. 

Aberration.  We  have,  for  the  sake  of  simplicity,  implied  that  all  the 
rays  of  a refracted  pencil  meet  the  axis  in  a common  point — the  focus 
To  fulfil  this  condition,  there  must  be  a suitable  diminution  of  curva- 
ture, with  increase  of  distance  from  the  axis,  for  in  spherical  refraction 
the  peripheral  rays  are  proportionately  too  strongly  deviated,  so  that 
they  intersect  the  axis  nearer  the  surface  than  do  the  central  rays. 
This  is  called  spherical  aberration. 

The  refracting  surfaces  of  the  eye,  while  more  nearly  resembling 
ellipsoidal  surfaces,  differ  at  the  axial  portions  only  slightly  from 
spherical  surfaces,  and  are  regarded  as  such  in  all  calculations  in  the 
study  of  ocular  refraction. 

Function  of  the  Iris.  It  is  necessary,  in  order  to  procure  a sharp 
image  by  spherical  refraction,  that  all  but  the  more  central  rays  be 
excluded  from  the  refracting  media.  This  is  accomplished  in  artificial 
systems  by  means  of  an  opaque  diaphragm  having  a circular  opening 
of  the  desired  size,  through  which  the  central  rays  are  admitted  to  the 
refracting  media.  In  the  eye  peripheral  rays  are  excluded  by  the  iris, 
the  central  rays  being  admitted  through  its  central  aperture — the 
pupil — which  varies  in  size  according  to  necessity.  In  bright  illu- 
mination the  pupil  becomes  very  small,  thus  adding  to  the  sharp neso 
of  the  retinal  image  and  preventing  the  dazzling  of  the  retina  whiffi 
would  occur  from  the  excess  of  light.  In  feeble  illumination  the  pupil 
dilates,  so  that,  if  possible,  sufficient  light  may  be  afforded  01  the 
proper  stimulation  of  the  retina. 

Chromatic  Aberration.  Besides  spherical  aberration,  th^re  is  also 
chromatic  or  color  aberration,  which  is  due  to  the  fact  that  >he  degree 
of  deviation  of  light  varies  with  the  wave-length  or  color,  violet  being 
most  and  red  least  refracted.  It  may  be  experimentally  demonstrated 
that  color  aberration  occurs  in  refraction  by  the  eye,  but  it  is  too  slight 
to  be  noticeable  in  ordinary  vision. 

Increase  of  Aberration  with  Increase  of  f^.ze  of  Object.  Aberration 
is  greater  according  as  the  secondary  axes  are  the  more  removed 
from  the  principal  axis.  Hence  it  is  ^ ident  that  there  is  a limit 
not  only  to  the  size  of  aperture  (the  pupil),  but  also  to  the  size  of  the 
object  which  will  afford  a clear  image;  the  object  must  always  be  small 
in  comparison  with  the  focal  distances.  It  is  through  the  peculiar  con- 
struction of  the  retina  that  vw  are  enabled  to  see  large  objects  with 
clearness.  It  is  only  the  central  portion  of  this  organ,  the  macula 
lutea,  lying  near  the  principal  axis,  that  is  sufficiently  sensitive  to  con- 
vey a well-defined  impression  to  the  brain.  The  macula  lutea  covers 
an  oval  area,  abonl  2 mm.  in  the  horizontal  and  1 mm.  in  the  vertical 
diameter,  but  not  e ven  all  or  the  greater  part  of  this  area  is  concerned 
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in  direct  vision;  the  fovea  centralis,  upon  which  must  fall  the  image  of 
every  object  distinctly  seen,  is  a minute  depression  near  the  centre  of 
the  macula.  Thus  only  that  part  of  the  retinal  image  which  is  most 
sharply  focused  is  utilized  in  direct  vision.  The  less  clearly  formed 
portion  of  the  image  depicted  upon  the  less  sensitive  periphery  of  the 
retina  is,  however,  of  great  service  in  enlarging  the  field  of  indirect 
vision.  Any  object  or  part  of  an  object  lying  in  this  field  of  indistinct 
vision,  if  it  excites  attention,  is  brought  almost  instantly  by  the  mus- 
cular apparatus  of  the  eye  into  the  line  of  direct  vision. 

Function  of  the  Choroidal  and  Retinal  Pigment.  The  interior  of  a 
photographic  camera*  is  lined  with  black  substance,  by  means  of  which 
light  reflected  from  the  plate  is  absorbed;  otherwise  by  further  reflec- 
tions from  the  interior  of  the  camera  the  plate  would  be  affected  by 
this  unfocused  light,  and  the  image  would  be  marred.  In  the  eye  this 
function  is  performed  by  the  pigment  of  the  choroid  and  retina. 

Mental  Projection  and  Rectification  of  the  Retinal  Image.  It  is 
apparent  that  the  image  as  formed  on  the  retina  is  an  inverted  image; 


Fig.  36. 


nevertheless,  objects  appear  in  their  true  relations  as  perceived  by  the 
visual  sense.  The  rectification  of  the  image  is  performed  by  the  mind, 
possibly  as  the  result  of  experience,  in  that  the  retinal  image  itself  is 
not  manifested  to  consciousness,  but  the  external  projection  of  this 
image — that  is,  we  do  not  see  the  image  on  the  retina;  we  see  the  object. 
Regarding  the  two  nodal  points  as  merged  in  a single  point,  the  ray 
or  straight  line  passing  through  the  nodal  point  and  connecting  any 
point  of  an  object  with  the  corresponding  point  of  the  image  marks 
the  direction  of  the  external  point  (Fig.  36.)  It  is  because  this  line, 
and  only  this  line,  represents,  in  normal  vision,  the  true  direction  of 
an  object  that  the  mind  has  learned  (through  association  of  the 
visual  sense  with  other  senses)  to  project  images  along  the  nodal  lines, 
and  this  even  when,  through  artificial  or  pathological  conditions,  these 
lines  do  not  indicate  the  true  direction. 

The  estimation  of  the  position — the  distance — of  an  object  is,  like- 
wise, not  the  result  of  any  distinctive  characteristics  of  the  image,  but 
is  a mental  product  effected  by  the  association  of  other  senses  and  by 
the  working  of  the  two  eyes  in  unison. 
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ACCOMMODATION. 

We  have  alluded  to  the  fact  that  the  eye  possesses  the  means  of 
varying  its  focusing  power  according  to  the  distance  of  the  object 
viewed.  This  power  of  the  eye  is  called  accommodation.  In  the  nor- 
mal or  emmetropic  eye  the  image  of  a distant  object  (six  metres  or 
more)  is  focused  on  the  retina,  but  the  rays  from  a near  object  would 
come  to  a focus  at  some  point  behind  the  retina ; the  rays  being  inter- 
cepted by  the  retina  before  reaching  their  focus,  the  image  as  depicted 
upon  the  retina  would  be  blurred.  In  order  to  afford  a clear  image 
the  refracting  power  of  the  eye  is  increased  by  an  increase  of  convexity 
of  the  crystalline  lens,  whereby  the  image  is  brought  to  a focus  on  the 
retina.  The  nearer  the  object  of  vision  the  greater  must  be  the  in- 
crease of  curvature  in  order  to  adapt  the  eye  for  distinctness  of  image. 

Mechanism  of  Accommodation.  Accommodation  takes  place  invol- 
untarily (except  as  the  result  of  special  training)  by  reflex  stimulation ; 
the  approach  of  an  object  before  the  eyes  gives  rise  to  an  afferent 
impulse  because  of  the  mental  desire  for  distinctness  of  the  image. 
This  afferent  impulse  conveyed  by  the  optic  nerve  is  transmitted 
(probably  through  the  corpora  quadrigemina)  to  the  accommodation 
centre,  this  being  the  anterior  portion  of  the  nucleus  of  the  third 
nerve.  From  this  centre  an  efferent  impulse  is  sent  to  the  ciliary 
muscle,  which,  undergoing  contraction,  increases  the  curvature  of  the 
crystalline  lens,  and  at  the  same  time  an  impulse  from  the  adjoining 
pupillary  centre  produces  contraction  of  the  sphincter  pupilke.  Inti- 
mately associated  with  these  two  reactions  is  that  of  convergence, 
whereby  the  object  is  brought  into  the  line  of  direct  vision  of  >ach 
eye.  So  closely  associated  are  accommodation  and  convergence  that 
under  normal  conditions  these  two  impulses  are  excited  in  unison; 
the  accommodative  impulse  gives  rise  to  convergence,  and  vice  versa. 

Helmholtz’s  Theory.  The  manner  in  which  contraction  of  the 
ciliary  muscle  effects  accommodation  was  first  explained  by  Helm- 
holtz. The  crystalline  lens  is  composed  of  fibrillar  tissue.  In  early 
life  the  substance  of  these  fibres  is  semifluid  so  that  the  whole  lens 
is  of  a gelatinous  consistency.  With  increase  of  age  the  lens-substance 
hardens,  first  at  the  centre,  forming  a nucleus,  and  later  the  cortical 
portion  also  becomes  firm,  the  lens  being  in  old  age  a solid  body  incap- 
able of  undergoing  change  of  shape. 

The  form  of  the  soft  lens  is  maintained  by  the  capsule,  an  elastic 
membrane  or  sac  in  which  the  lens ’s  enclosed.  The  capsule  is  attached 
peripherally  to  the  ciliary  musclt  by  means  of  the  ciliary  or  suspen- 
sory ligament.  (Fig.  37.) 

The  ciliary  muscle  consists  of  two  parts:  the  first  or  circular  portion 
may  be  described  as  a ring-shaped  muscle  lining  the  inner  surface  of 
the  sclera  just  behind  the  sclero-corneal  junction;  the  second  or  longi- 
tudinal portion  is  ( omposed  of  fibres  which  are  united  anteriorly  with 
the  circular  pi  rtion,  and  which  extend  posteriorly  to  the  equatorial 
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region  of  the  eyeball,  where  they  are  inserted  into  the  choroidal  coat. 
In  the  normal  eye  the  circular  fibres  predominate  over  the  longitudinal 
ones  in  the  proportion  of  about  ten  to  one. 

Assuming  the  sclero-corneal  attachment  to  be  the  fixed  point  in  the 
muscular  action,  it  is  apparent  that  contraction  of  the  more  powerful 
circular  fibres  must  diminish  the  diameter  of  the  ciliary  ring,  while 
contraction  of  the  less  potent  meridianal  portion  of  the  muscle  will,  at 
most,  produce  a slight  tension  upon  the  choroid. 

When  the  ciliary  muscle  is  uncontracted,  the  anterior  suspensory  - 
ligament  is  held  tightly  stretched,  the  posterior  portion  being  much 
less  so.  (Fig.  37,  1.)  The  stretching  of  the  anterior  ligament  causes 
a flattening  of  this  surface  of  the  lens;  but  when,  by  contraction  of  the 
muscle;  the  anterior  ligament  is  relaxed,  the  anterior  portion  of  the 

Fig.  37. 


lens  is  allowed  to  bulge. forward  (Fig.  37,  2),  so  that  the  convexity  of 
this  surface  is  increased,  in  maximum  relaxation  of  the  ligament  the 
form  of  the  two  lens-surfaces  is  practically  the  same,  the  radius  of 
curvature  being  about  5.5  mm.  in  the  young  adult;  for  the  posterior 
ligament  also  unde7  gets  a slight  relaxation,  the  radius  of  curvature 
of  this  surface  being  reduced  from  6 to  5.5  mm. 

Tscheming>  Theory.  Certain  physiologists,  most  prominent  of 
whom  is  Tscherning,  believe  that  the  theory  advanced  by  Helmholtz 
does  not  afford  the  true  explanation  of  accommodation.  They  believe 
that  contraction  of  the  ciliary  muscle  produces,  by  means  of  the  longi- 
tudinal fibres,  an  increase  of  tension  of  the  suspensory  ligament,  and 
that  by  this  tension  the  curvature  of  the  apices  of  the  lens-surfaces 
is  increased  with  a diminution  of  curvature  at  the  peripheral  portions. 
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Such  a change  is  physically  possible  only  in  the  event  of  the  nucleus 
being  firmly  solidified  while  the  cortex  is  fluid  or  gelatinous.  This  is 
not  the  condition  of  the  human  lens  in  childhood  and  early  adult  life 

the  period  at  which  accommodation  is  most  active;  hence  it  would 

seem  that  this  explanation  is  less  plausible  than  that  of  Helmholtz. 

Measurement  of  Accommodation.  Accommodation  is  measured  by 
the  lens,  which  when  placed  in  front  of  and  as  near  as  possible  to  the 
eye  would  have  the  same  focusing  power  as  the  accommodation  exer- 
cised. This  is  illustrated  in  Fig.  38.  An  object  situated  at  0 could 
be  clearly  seen  by  a normal  eye  with  exercise  of  accommodation;  with- 
out accommodation  this  eye  would  focus  a distant  object  (parallel 
rays)  on  the  retina.  A convex  lens  (L)  whose  focal  length  is  L 0 
would  render  rays  from  0 parallel,  so  that  the  rays  so  rendered  would 
be  focused  on  the  retina  without  accommodation.  Hence  the  lens  L 
has  the  same  effect  as  the  accommodation,  and  may  be  taken  as  the 
measure  of  the  latter.  If  0 is  the  nearest  point  for  which  an  eye  can 
accommodate,  the  lens  L measures  the  accommodative  power— the 
amplitude  of  accommodation — of  the  eye.  If  L 0 is  0.25  metre  in 
length,  the  accommodative  power  is  4 D.,  etc. 


Fig.  38. 


Variation  of  Accommodation  with  Age.  Since  accommodative 
power  depends  upon  the  ability  of  the  crystalline  lens  to  change  its 
shape,  it  is  apparent  that  this  power  must  diminish  as  the  lens  becomes 
hardened  with  increase  of  age.  At  ten  years  of  age  there  is  normally 
an  amplitude  of  about  14  D.,  that  is,  at  this  age  an  emmetropic  eye  can 
adapt  itself  for  all  objects  distant  not  less  than  71  mm.  twin  the  eye. 
Beginning  at  this  early  age  there  is  a gradual  diminution  in  accom- 
modative power,  and  when  the  age  of  seventy  >r  seventy-five  years 
has  been  reached  accommodation  is  no  longer  possible. 

The  following  table  (Donders)  gives  the  accommodative  power  at 
intervals  of  five  years : 

Acre  io  15  1'0  25  30  35  40  15  50  55  60  65  70  75 

D.  14  12  10  8.5  7 5.5  4.5  3.o  2.5  1.75  1 0.75  0.25  00 


Presbyopia.  In  ordinary  nea1"  work,  such  as  reading,  the  object  of 
vision  is  usually  at  a distance  of  about  \ of  a metre  (13  inches)  from 
the  eye,  or  even  nearer  in  +h^  case  of  very  small  print  or  other  fine 
work.  In  order  to  adjust  the  rye  for  this  distance,  3 D.,  or,  at  most, 
3.5  D.,  of  accommodation  would  be  sufficient  if  one  could  use  all  his 
accommodative  powei  continuously;  but  it  is  impossible  to  maintain 
the  maximum  of  accommodative  activity  for  more  than  a momentary 
period.  It  has  been  found  that  for  long-continued  near  work  only 


70 


THE  EYE. 


about  two-thirds  of  the  total  amplitude  is  available,  and  with  ad- 
vancing years  a still  smaller  proportion  can  be  utilized.  If  one  attempts 
to  engage  in  near  work  without  this  reserve  accommodation,  the  eyes 
speedily  tire,  vision  becomes  blurred,  and  pain  in  the  eyes,  sometimes 
accompanied  by  headache,  develops,  so  that  the  work  must  be  aban- 
doned. After  a short  period  of  rest  work  may  again  be  resumed,  with 
more  or  less  prompt  return  of  the  aforementioned  symptoms.  If 
near  work  be  persisted  in  under  such  circumstances,  the  symptoms 
will  in  time  become  very  distressing,  and  to  those  already  noted  may 
be  added  extreme  hypersensitiveness  to  light,  and  conjunctival  con- 
gestion and  inflammation,  which  frequently  ensue. 

In  order  that  one  may  be  able  to  use  continuously  3 D.  of  accom- 
modation he  must  have  a total  amplitude  of  4.5  D.  When  from  in- 
crease of  age  the  crystalline  lens  has  become  so  hardened  that  the 
amplitude  falls  below  this  amount  (corresponding  to  vision  at  22  cm., 
or  9 inches),  the  condition  is  called  presbyopia  (old  sight).  Reference 
to  the  table  above  given  shows  that  the  presbyopic  state  is  reached 
when  the  fortieth  year  of  life  is  passed;  practically  the  condition  is 
usually  manifested  between  the  ages  of  forty-three  and  forty-five 
years.  It  is  often  nearer  the  latter  age  when  relief  is  sought,  though 
the  exact  time  varies  according  to  the  physical  condition,  to  the  char- 
acter of  work  pursued,  and  especially  to  the  refractive  state  of  the  eye. 

The  physiological  condition  of  presbyopia  should  not  be  confounded 
with  hyperopia,  which  may  give  rise  to  similar  symptoms.  A person 
having  3 D.  of  hyperopia  will  require  (as  we  shall  learn  ir  Chapter 
III.)  this  amount  of  accommodation  for  distant  vision-  at  thirty-five 
years  of  age  the  amplitude  is  5.5  D.,  and  if  3 D.  of  this  must  be  used 
to  focus  parallel  rays  on  the  retina,  only  2.5  D.  will  be  available  for  the 
additional  focusing  required  in  near  work.  This  amount  being  insuffi- 
cient, near  work  becomes  burdensome,  but  this  is  not  presbyopia;  the 
inconvenience  arises  not  because  the  accommodation  is  weak, 
but  because  an  abnormally  high  amount  is  required.  With  the 
aid  of  a convex  lens  correcting  the  hyperopia  the  symptoms  dis- 
appear, to  reappear,  however,  about  the  age  of  forty-five,  when  an 
additional  convex  lens  will  be  required  to  take  the  place  of  the  failing 
accommodation,  that  is,  to  overcome  the  presbyopia.  On  the  other 
hand,  a person  who  has  3 D.  c.f  inyopia  will  never  develop  presbyopic 
symptoms,  because  he  can  focus  rays  coming  from  an  object  placed 
at  the  reading  distanco  without  any  accommodation.  Such  a person 
will,  however,  become  presbyopic  (his  accommodation  will  fall  below 
4.5  D.)  at  the  usua'  age,  and  if  he  wears  glasses  correcting  the  myopia, 
he  will  have  to  remove  these  in  order  to  read  fine  print. 

Although  presbyopia  is  a physiological  condition,  in  that  all  eyes 
are  subject  to  it,  it  would  nevertheless  entail  most  serious  consequences 
among  civilized  races  if  it  were  not  that  artificial  conditions  of  life 
have  brought  also  artificial  means  of  relief  in  the  substitution  of  a 
glass  lens  for  the  loss  of  accommodative  action  of  the  crystalline  lens 
of  be  eye. 
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The  following  table  gives  the  probable  strength  of  lens  necessary  in 
order  to  enable  the  presbyope  to  engage  comfortably  in  near  work; 


Affo  45  50  55 

£>.  1 2 2.75 


60  65  70  75 

3.25  3.5  3.5  3.5 


For  reading,  a glass  of  3 D.,  or,  at  most,  3.5  D.,  is  sufficient,  even 
when  the  accommodative  power  is  entirely  lost;  hence  the  rule 
usually  given  that  1 D.  should  be  added  for  every  five  years  is  not 
applicable  after  fifty-five  years.  It  is  evident  also  that  the  strength  oi 
lens  must  vary  according  to  the  character  of  the  work ; it  may  be  neces- 
sary in  certain  handicrafts  to  use  a lens  of  4 D.,  but  a lens  of  this 
strength  and  even  one  of  3.5  D.  would  cause  objects  situated  at  a 
distance  of  one-half  metre  or  more  to  be  blurred,  and  for  work  which 
must  be  performed  at  such  distance  a lens  of  2 D.  would  be  required 
when  all  accommodative  power  is  lost. 

It  is  also  apparent  that  in  ametropia  the  presbyopic  lens  must  be 
added  to  or  subtracted  from  that  correcting  the  ametropia  according 
as  this  is  hyperopia  or  myopia. 


VISUAL  ACUITY. 

The  size  of  the  image  as  formed  on  the  retina  varies  according 
to  the  distance  of  the  object.  Thus  if  0 0 (Fig.  39)  represents  the 


Fig.  39. 


linear  dimension  of  an  object,  the  image  of  this  dimension  will  be 
represented  by  I I,  or  /,  /„  according  to  the  situate  i of  the  object. 
Conversely,  an  object,  0,  0„  Fig.  40,  will  form  or  the  retina  an  image 
of  the  same  size  as  that  of  the  object,  0 0. 


Fig.  40. 


The  Visual  Angle.  The  angle  O N 0 (equal  to  I N I)  is  called 
the  visual  angle.  Ti  e smallest  angle  which  two  points  (as  O and  O) 
may  subtend  at  the  nodal  point  of  the  eye,  while  they  are  distin- 
guished as  separate,  is  called  the  minimum  visual  angle.  The  mini- 
mum visual  angle  measures  the  visual  acuteness  of  the  eye.  It  has 
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been  found  by  experiment  that  under  suitable  illumination  the  smallest 
angle  under  which  two  white  lines  separated  by  a black  interval  can 
be  distinguished  as  separate  is  for  the  normal  human  eye  slightly 
less  than  one  minute. 

Test-letters  for  Measuring  Visual  Acuity.  Making  use  of  the 

foregoing  experimental  determination,  Snellen  constructed  a series 
of  test-letters  so  arranged  that  when  placed  at  the  proper  distance 
each  stroke  of  each  letter  would  subtend  an  angle  of  one  minute  at 
the  nodal  point  of  the  eye.  This  is  illustrated  in  Fig.  41.  When 
placed  at  a distance  of  30  metres  from  the  eye,  each  side  of  the  square 

Fig.  41. 


would  subtend  an  angle  oi  five  minutes  at  the  nodal  point,  and  each 
stroke  ot  the  letter  would  subtend  an  angle  of  one  minute.  In  testing 
visual  acuteness,  it  is  convenient  to  have  letters  of  various  sizes,  the 
distance  at  which  they  subtend  the  one-minute  angle  being  noted  on 
the  card.  (Fig.  42.^ 

Method  of  Oenaucting  the  Test.  The  test  is  usually  conducted 
with  the  letters  placed  at  a distance  of  6 metres.  If  at  this  distance 
an  eye  can  distinguish  those  letters  which  subtend  the  one-minute 
angle,  "he  visual  acuity  is  normal.  It  is  expressed  by  the  equation 
V = h/fi  or  V = 1.  But  if  at  this  distance  the  eye  can  distinguish 
no  smaller  letters  than  those  which  subtend  the  one-minute  angle  at 
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12  metres,  the  visual  acuity  is  only  one-half  as  great  as  it  should  be ; 
it  is  expressed  by  the  equation  V = 6/12.  In  general,  the  visual 
acuity  is  expressed  by  a fraction,  the  numerator  of  which  is  the  dis- 
tance at  which  the  test  is  conducted,  and  the  denominator  is  the 
distance  at  which  the  smallest  distinguishable  letters  subtend  the  one- 
minute  angle. 

Fig.  42. 


Visual  Acuity  Exceeding  the  Standard.  Partly  because  cf  the 
familiarity  with  the  alphabetical  characters  and  partly  becauca  the 
standard  adopted  by  Snellen  (one  minute)  is  slightly  larger  than  the 
minimum  visual  angle  in  young  persons,  it  frequently  happens  that 
smaller  letters  can  be  read  than  those  indicated  for  normal  vision. 
Thus  V = 6/4  or  V = 6/3  may  be  recorded.  In  ole  persons  vision 
exceeding  6/6  is  not  common,  because  of  diminution  ot  transparency 
of  the  media. 

Estimation  of  the  Refractive  Condition  and  of  the  Accommodative 
Power  by  Means  of  Test-letters.  Since  an  eye  must  have  its  maxi- 
mal seeing  power  when  the  image  is  properly  focused  on  the  retina, 
we  have  in  the  test-letters  a means  cf  determining  whether  or  not 
the  emmetropic  condition  is  present.  If  the  visual  power  is  increased 
by  placing  a convex  lens  before  the  eye,  we  know  that  without  this 
lens  the  focus  falls  behind  the  retina  (hyperopia);  if  the  visual 
power  is  increased  by  a cm  cave  lens,  the  focus  without  the  lens 
must  fall  in  front  of  the  mtina,  either  from  excess  of  curvature  or  of 
length  of  eyeball  (myopia),  or  from  undue  action  (spasm)  of  the 
accommodation;  finally,  if  the  maximal  visual  power  is  obtained  with 
the  aid  of  a cylindri  *al  lens,  the  eye  is,  without  the  lens,  adjusted  to 
the  object  in  the  meridian  of  the  axis  of  the  cylinder,  and  hyperopic 


or  myopic  (astigmatic)  in  the  meridian  at  right  angles  to  this,  accord- 
ing as  a convex  or  concave  cylinder  is  required. 

Having  determined  with  the  distant  test-letters  the  refractive  con- 
dition and  the  visual  acuity  of  an  eye,  it  is  possible,  by  means  of  small 
letters  constructed  upon  the  same  plan,  to  measure  the  accommoda- 
tive power.  Placing  before  the  eye  the  lens  which  affords  the  con- 
dition of  emmetropia,  and  noting  the  visual  acuity,  the  same  acuity 
should  be  obtained  in  near  vision  so  long  as  the  accommodative  power 
is  sufficient  to  adjust  the  eye  for  the  distance  at  which  the  types  are 
held. 


DURATION  OF  THE  VISUAL  SENSATION. 

The  length  of  time  required  for  light  to  produce  stimulation  of  the 
retina  is  practically  instantaneous;  the  shortest  flash  of  light  that  can 
be  produced  experimentally  is  seen  by  the  eye  as  perfectly  as  a much 
longer  flash.  Moreover,  however  brief  the  period  of  stimulation,  the 
visual  impression  always  persists  for  an  appreciable  interval  (about 
one-eighth  of  a second)  after  withdrawal  of  the  stimulus.  Thus  a 
series  of  rapid  stimulations  appears  as  a continuous  stimulation — the 
spokes  of  a rapidly  revolving  wheel  appear  to  cover  every  part  of 
the  area  of  the  circle. 


BINOCULAR  VISION. 

This  subject  will  be  considered  in  another  chapter.  It  suffices  to 
say  here  that  in  normal  vision  the  muscular  movements  of  the  eyes 
are  so  associated  as  always  to  bring  the  image  of  an  object  (in  direct 
vision)  upon  the  fovea  centralis  of  each  eye.  When  this  is  accom- 
plished, a single  mental  impression  is  received — slightly  more  intense 
and  with  better  appreciation  of  form  and  perspective  than  is  obtained 
from  one  eye  acting  alone. 


CHAPTER  III. 

REFRACTIVE  ERRORS  IN  GENERAL. 

By  ALEXANDER  DUANE,  M.D. 

EMMETROPIA  AND  THE  VARIETIES  OF  AMETROPIA. 

When  rays  coming  from  a distant  object — rays,  that  is,  which  are 
practically  parallel  to  one  another  when  they  reach  the  eye  pass 
through  the  cornea  and  crystalline  lens,  they  are  brought  together 
at  the  posterior  focus  of  the  eye,  and  form  there  a sharp  inverted 
image  of  the  object. 

The  retina  may  lie  just  at  the  posterior  focus  of  the  eye.  The  eye 
then  is  like  a camera  which  is  precisely  focused  for  distant  objects, 
and  such  objects,  forming  a sharp  image  upon  the  retina,  will,  if  the 
eye  is  otherwise  normal,  be  perceived  distinctly.  This  condition,  in 
which  the  eye  naturally  and  without  effort  focuses  parallel  rays  upon 
its  retina,  is  called  emmetropia  (E.).  (Fig.  43.) 


Fig.  43. 


The  emmetropic  eye.  C C is  a lens  representing  the  cornea  and  the  cry  italline  lens  collectively ; 
NNis  the  retina  lying  atthe  principal  focus,  F,  of  CC(F= posterior  ficus  of  theeye).  Rayscoming 
from  a very  distant  object,  R , will  be  sensibly  parallel  to  one  a.mtLer  (thus  taking  the  direction 
DC  DC)  when  they  strike  the  eye,  and  will  hence  be  shar>y  focused  at  F,  so  as  to  form  a distinct 
inverted  image  of  R upon  the  retina  N N.  The  emmetropic  e<  e is,  therefore,  like  a camera  which 
is  accurately  focused  for  distance.  _ 

If  the  poiut  F on  the  fundus  is  illuminated  so  that  it  out  rays  in  the  reverse  direction,  t c, 

F C,  these  rays  will  emerge  from  the  eye  parallel  .o  o.ie  another,  taking  thus  the  direction  CD, 
C D,  after  passing  back  again  through  the  cr>  "taUii  e xens  and  cornea. 

Opposed  to  emmetropia  k the  condition  known  as  ametropia,  in 
which  the  retina  is  not  at  the  posterior  focus  of  the  eye,  and  the  eye 
consequently  is  not  adjusted  tor  parallel  rays.  An  ametropic  eye  is 
like  a camera  out  of  locus,  and  cannot,  except  by  accommodative 
effort  or  by  the  aid  of  a glass,  form  distinct  images  of  distant  objects 
upon  its  retina.  Ametropia  comprises  the  various  errors  of  refraction, 
which  are  myopia,  hyperopia  anti  astigmatism. 

(75) 
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Myopia  (My.),  or  nearsightedness , is  that  condition  in  which  the 
retina  lies  behind  the  posterior  focus  of  the  eye.  The  eye  then  is 
like  a camera  which  is  out  of  focus  because  its  receiving  plate  is  too 
far  back  of  its  lens.  (Fig.  44.) 


Fig.  44. 
C 


The  myopic  eye.  C Cy  lens  representing  the  cornea  and  crystalline  lens  of  the  eye  collectively. 
F,  the  principal  focus  of  C C,  or  of  the  eye,  lying  in  front  of  the  retina  N N.  Rays  emanating  from 
a distant  object,  0.  and  hence  parallel  to  one  another  (taking  the  course  D C,  D C)  when  they  reach 
the  eye,  are  focused  by  C Cat  F in  front  of  the  retina.  The  eye  is,  therefore,  not  adjusted  for  0. 
The  amount  by  which  it  is  out  of  focus— 1 e.,  the  distance  between  F and  N—  measures  the  amount 
of  myopia. 


Hyperopia,  or  hypermetropia  (H.),  also  called  farsightedness  or  long- 
sightedness, is  that  condition  in  which  the  retina  lies  in  front  of  the 
posterior  focus  of  the  eye.  The  eye  then  is  like  a camera  which  is 
out  of  focus  because  its  receiving  plate  is  too  close  to  its  lens.  (T"ig.  45.) 

Fig.  45. 

c 


The  hyperopic  eye.  CC,  lens  representing  the  cornea  and  crystalline  lens  collectively.  F.  the 
principal  focus  of  C C,  or  of  the  eye,  behind  *he  rccma  N N.  Rays  emanating  from  a distant  object, 
0,  and  hence  parallel  to  one  another  before  striking  the  eye  (taking,  therefore,  the  course  D C,  D C), 
will,  after  refraction  through  C C,  be  converged  toward  F.  They  will  hence  strike  the  retina  before 
they  come  to  a focus.  The  eye  is,  therefore,  *.iot  adjusted  for  0.  The  amount  by  which  it  is  out  of 
focus— i.  e.,  the  amount  of  its  bypero]  ;a— ’3  measured  by  the  distance  between  N N and  F. 


Astigmatism  (As.)  id  that  condition  in  which  the  several  meridians 
of  the  eye  differ  from  each  other  in  refraction,  so  that  each  will  focus 
parallel  rays  at  a different  point.  Instead,  then,  of  there  being  one 
principal  focus  tor  all  meridians  alike,  as  in  myopia  or  hyperopia, 
there  are  a number  of  foci,  one  for  each  meridian,  and  these  foci  lie 
one  behind  li  e other.  If  the  focus  for  any  one  meridian  happens  to 
lie  upon  the  retina,  that  meridian  will  be  emmetropic,  while  all  the 
othe^  meridians  will  be  myopic  or  hyperopic,  because  their  foci  are 
in  front  of  the  retina  or  behind  it.  If  the  retina  lies  in  front  of  all 
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the  foci,  all  the  meridians  will  be  hyperopic,  but  some  more  than 
others  ; and  if  the  retina  lies  behind  all  the  foci,  all  the  meridians 
will  be  myopic,  but  some  more  than  others.  (Fig.  52.) 

Accommodation.  As  we  have  seen  in  Chapter  II.,  an  emmetrope 
who  wishes  to  focus  for  a near  object  does  so  by  accommodating, 
that  is,  by  increasing  the  convexity  of  his  crystalline  lens,  and  thus 
making  his  eye  just  that  much  the  more  refractive.  In  effect  he  adds 
to  the  lens  another  lens,  A.  (Fig.  46.)  This  lens  A must  give  rays 
emanating  from  P such  a direction  that  the  eye  C can  focus  them 
upon  the  retina  N N.  If  the  eye  C is  emmetropic  or  has  been  made 
so  artificially — i.  e.,  if  it  is  adjusted  for  parallel  rays,  A must 
make  rays  that  diverge  from  P parallel  to  one  another.  But  to  do 
this,  A must  have  a focal  length  = AP . Hence  the  auxiliary  lens 
which  represents  the  accommodative  effort  that  the  eye  makes  in  adjust- 
ing upon  any  near  point  must  have  a focal  length  equal  to  the 
distance  of  that  near  point  from  the  eye.  This  amounts  to  saying 
that  when  a patient  adjusts  for  a point  ten  inches  off,  he  practically 
adds  to  his  eye  by  accommodative  effort  a 10"  (4  D.)  lens;  wrhen  he 
adjusts  for  half  that  distance,  he  adds  a lens  twice  as  strong,  etc. 


Fig  46. 


Accommodation.  The  eye  C,  which  is  either  naturally  or  artificially  emmetropic,  and  ti  erf /ore  is 
adjusted  for  parallel  rays,  may  be  adjusted  for  the  divergent  rays  coming  from  a n<^r  point,  P,  by 
exerting  an  amount  of  accommodation  represented  by  the  auxiliary  lens  A.  This  ^ns  must  have 
a focal  length  = A P,  for  then  only  will  it  make  rays  that  diverge  from  P paral  el-  \ e.,  give  them 
such  a direction  that  the  lens  C will  be  able  to  focus  them  upon  the  retina  iViv 

This  conception  of  the  accommodative  proceso  is  very  helpful  in 
considering  the  correction  of  refractive  errors.  It  is  so  far  justified 
in  that  we  may,  if  we  wish,  actually  replace  accommodation  by 
means  of  just  such  an  auxiliary  lens,  and  thus  adjust  the  eye  for  any 
desired  near  point.  Thus,  suppose  we  paralyze  the  accommodation 
completely  in  an  emmetrope  with  atropine,  so  that  his  eye  unaided 
can  see  distinctly  at  distance  only.  Then,  by  placing  a 5 D.  (8") 
lens  before  his  eye,  we  at  once  adjust  his  sight  for  a point  8" 
from  him,  and  enable  him  to  read  at  that  distance,  just  as  if  he  were 
using  an  equivalent  amount  of  accommodation. 

Vision  in  Ametropia.  Diffusion  Images.  An  uncorrected  ame- 
trope  always  sees  in  d'ffusion  images.  To  understand  what  this 
means,  we  have  on’v  to  consider  what  happens  when  the  rays  ema- 
nating from  a distini  point,  A (Fig.  47),  strike  an  eye  which  has  no 
great  amount  of  astigmatism.  These  rays,  impinging  upon  the  cor- 
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nea , are  converged,  then  pass  through  the  pupil  and,  striking  the  lens, 
are  converged  still  more,  so  as  finally  to  unite  pretty  sharply  in  a 
point,  B , situated  at  the  posterior  focus  of  the  eye.  They  thus  form 
a conical  or  pyramidal  bundle  whose  base  is  formed  by  the  pupil 
C,  and  whose  apex  by  the  point  B . The  cross-section  of  this  bundle 
will  have  the  same  shape  as  the  pupil,  being,  therefore,  usually  cir- 
cular, but,  in  cases  of  irregular  pupil,  being  oval  or  any  other 
shape,  D. 

In  emmetropia  the  retina  is  situated  at  the  posterior  focus  of  the 
eye,  and  will  intersect  the  bundle  C B at  B,  where  all  the  rays  of  the 
bundle  unite  in  a single  point.  Consequently,  the  retinal  image  of 
the  point  A,  which  image  is  formed  by  the  union  of  the  rays  com- 
ing from  A and  forming  the  bundle  C B,  is  a single  sharply  defined 
point  of  light.  A distant  object,  being  made  up  of  a series  of 
points,  such  as  A,  will  then  form  upon  the  retina  a series  of  sharply 
defined  points  like  B , each  one  of  which  resembles  its  original  in 
arrangement  and  distinctness.  Hence  the  retinal  image  will  be  a 
true  and  clear  representative  of  the  external  object. 


Fig.  47. 


Diffusion  images.  The  rays  emanating  from  a distant  point,  J.  prss  through  the  triangular  pupil 
C C C,  and  are  converged  to  form  a pyramidal  bundle  of  rays,  CB,  C B,  C B,  uniting  in  a sharp  point 
at  B.  If  the  retina  is  at  2 {emmetropia),  the  image  of  the  poi:H  A is  the  point  B.  If  the  retina  is  at 
1 (hyperopia),  the  image  of  A is  the  triangle  Z>,  which  is  larger  and  more  hazy  in  proportion  as  D is 
in  front  of  B.  If  the  retina  is  at  3 (myopia),  the  iraag ; of  A is  the  inverted  triangle  E.  D and  E are 
diffusion  images. 


It  will  be  otherwise  in  ametropia.  Here  the  retina  is  either  in 
front  of  B (in  hyperopia)  or  behind  it  (in  myopia).  In  hyperopia 
the  retina,  intercepting  the  rays  before  they  come  together,  will  have 
formed  upon  it,  as  the  representative  of  the  point  A , a figure,  /),  of 
the  same  shape  as  the  pupil.  It  is  evident  that  the  further  off  D 
is  from  B — i.  e.,  the  greater  the  hyperopia — the  larger  D will  be,  and 
therefore  the  fainter,  too,  since  all  the  light  that  in  emmetropia  is 
concentrated  in  the  one  point  B}  is  now  scattered  over  a compara- 
tively large  area. 

Similarly  ia  myopia  the  retina,  being  behind  B , will  have  formed 
upon  a figure,  E , of  the  same  shape  as  the  pupil  inverted,  and  bigger 
and  fainter  in  proportion  to  the  degree  of  the  myopia. 

The  faint,  enlarged  images  D and  E , formed  on  the  retina  in 
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ametropia,  and  representing  a single  point  of  light,  are  called  diffu- 
sion images.1 

In  astigmatism  the  shape  of  the  diffusion  images  will  depend  upon 
the  amount  of  ametropia  in  the  different  meridians  and  the  shape 
of  the  diffusion  images  upon  the  direction  in  which  the  least  ame- 
tropic  meridian  lies.  The  special  varieties  that  occur  will  be  discussed 
later  on. 

In  ametropia  the  retinal  image  of  the  distant  object  will  be  made 
up  of  a series  of  overlapping  diffusion  images,  which  will  more  or  less 
confuse  one  another.  Hence  such  an  image  will  be  blurred,  and  the 
more  so  the  greater  the  size  of  the  diffusion  images. 

The  size  of  the  diffusion  images  is  dependent  not  only  on  the  degree 
of  the  ametropia,  but  also  on  the  size  of  the  pupil.  For  it  is  evident 
that  the  smaller  the  latter — i.  e.,  the  smaller  the  base  of  the  cone 
C B — the  smaller  will  be  the  sections  D and  E.  This  shows  us  why 
in  ametropes,  and  likewise  in  presbyopes,  who  for  objects  within  their 
near  point  also  see  in  diffusion  images,  vision  with  contracted  pupils 
is  much  sharper  than  when  the  pupils  are  dilated.  Indeed,  an  ame- 
trope  of  even  high  degree,  provided  his  visual  perception  is  intact, 
will  see  nearly  as  well  as  an  emmetrope,  if  only  his  pupil  is  contracted 
ad  maximum  or  is  made  artificially  small  by  the  use  of  a pinhole 
(stenopseic  aperture).2  This  fact  is  utilized  when  in  testing  a patient 
we  wish  to  ascertain  whether  he  sees  poorly  because  we  have  not  yet 
given  him  the  proper  glass,  or  because,  owing  to  some  imperfection 
of  the  media,  retina,  or  nerve,  the  seeing  power  itself  is  impaired. 
In  the  former  case  the  pinhole  will  improve  the  sight,  in  the  latter 
case  it  will  not.3 

It  is  for  this  reason,  also,  that  myopes  try  to  improve  their  sight 
by  squeezing  their  lids  together.  This  in  effect  narrows  their  natu- 
rally wide  pupils  and  gives  them  smaller  diffusion  images.  Hvptropes, 
who  have  naturally  small  pupils,  and  who  besides  can  get  around  their 
difficulty  by  using  their  accommodation,  generally  dc  i ot  need  to 
employ  this  device. 

For  this  reason,  also,  the  vision  in  ametropia  is  usually  worse  in  a 
dim  light,  when  the  pupils  dilate.  And  many  rm^tropes  and  pres- 
byopes secure  good  vision  by  using  a strong  lighl  which  falls  directly 
upon  the  eyes,  and  so  contracts  the  pupils  to  pinpoints. 

Resuming,  we  may  say : In  ametropia  the  retinal  image  of  a distant 
point  will  be  a diffusion  image  whose  shape  will  be  the  shape  of  the  pupil , 
and  whose  size  will  be  directly  propuri  'o7v2l  to  the  degree  of  ametropia  on 
the  one  hand  and  to  the  size  of  the  pupil  on  the  other. 

The  resulting  blurring  of  sight  will  be  directly  proportional  to  the  size 
of  the  diffusion  images . 

1 Usually  called  diffusion  circle s;  but.  pointed  out,  while  generally  circular,  they  may  have  any 
shape,  depending  upon  the  sbapr  ucthe  pupil. 

2 Some  of  the  first  spectacle0  w '‘re  nothing  but  pinhole  apertures  in  metal  plates.  With  these  a 
myope  could  see  distinctly  at  p d stance,  and  a presbyope  could  read. 

3 Theoretically  ; but,  ar,  t matter  of  fact,  the  pinhole  cuts  off  so  much  light  that  the  test  is  not  a 
very  serviceable  one. 
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Correction  of  Ametropia.  To  obviate  this  blurring  and  enable  the 
ametrope  to  see  perfectly  at  a distance,  we  must  in  some  way  abolish 
his  ametropia.  This  is  effected  sometimes  by  the  accommodation, 
sometimes  by  the  use  of  glasses.  However  effected,  the  correction 
practically  converts  the  ametrope  into  an  emmetrope,  and  he  should 
see  like  one  both  for  distance  and  near. 

Myopia.  Far  Point  in  Myopia.  The  myope,  as  we  have  just  re- 
marked, sees  a distant  object  in  diffusion  images.  Such  objects, 
therefore,  appear  blurred  to  him,  and  the  more  so  the  higher  his 
myopia. 

But  while  the  myope  sees  poorly  for  distance,  he  sees  well  for  near. 
For  if  the  eye  is  such  that  parallel  rays  entering  it  focus  at  F in  front 
of  the  retina  (Fig.  44),  rays  that  diverge  from  some  comparatively 
near  point,  R,  will  focus  back  of  F,  and,  if  F is  sufficiently  near  the 
eye,  will  focus  right  upon  N N.  The  eye,  in  fact,  is  like  a camera 
which  is  adjusted  not  for  distance,  but  for  the  nearer  object  R.  It  is 
practically  in  the  same  condition  as  the  accommodating  eye  (Fig.  46), 
and,  like  the  latter,  may  be  regarded  as  equivalent  to  an  emmetropic 
eye  to  which  a convex  lens  has  been  added.  (Fig.  48.)  Such  a con- 


The  myopic  eye  considered  as  an  emmetropic  eye,  with  a cor, ’erg  added.  The  myopic  eye 
may  be  regarded  as  an  emmetropic  eye,  E,  with  a convex  lens,  M,  n presenting  the  myopia  added. 
Such  a lens  will  collect  rays  coming  from  its  focus,  R,  a \d  render  them  parallel,  when  E , the 
emmetropic  portion  of  the  eye,  will  focus  them  upon  the  ret?r<a,  N N.  The  eye  is  thus,  by  its  excess 
of  refraction  (represented  by  the  lens  M),  naturally  adjuster  for  a point,  R,  which  is,  therefore, 
its  far  point.  The  focal  length  of  M = M R—i.  e.,  the  amount  of  extra  refraction  produced  by  the 
myopia— is  equivalent  to  a convex  lens  whose  focal  leLgtli  equals  the  distance  of  the  lar  point  from 
the  eye. 

ception  of  myopia,  while  not  absolutely  accurate,  is  yet  essentially 
so,  and  is  so  far  justified  in  lb  at  we  can  imitate  quite  precisely  the 
conditions  of  a myopic  eye  hy  actually  placing  an  appropriate  convex 
glass  before  an  emmetropic  eye.  Thus  if  an  emmetrope  wishes  to 
have  an  idea  of  how  a myope  of  8 D.  sees,  let  him  place  an  8 D. 
convex  glass  before  his  own  eye.  Distant  objects  will  at  once  appear 
altogether  blurred  and  indistinguishable,  being  seen  simply  in  outline 
or  only  as  a uniform  blotch  of  black  and  white;  while  objects  just 
within  5"  will  appear  not  only  distinct,  but  also  magnified,  and 
furthermore  will  be  seen  without  accommodative  strain. 

In  fact,  so  far  as  vision  is  concerned,  it  makes  little  difference 
wh  *tee r one  is  continuously  using  2 D.  of  his  accommodation  (Fig.  46), 
or  has  a + 2 D.  glass  before  his  eye  and  uses  no  accommodation,  or 
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is  myopic  2 D.  (Fig.  48.)  In  each  instance  he  will  be  adjusted  for 
a distance  of  20" ; at  this  distance  he  will  see  clearly,  and  beyond  it 
will  see  indistinctly,  because  he  sees  in  diffusion  images. 

This  surplus  of  refractive  power,  or  extra  lens,  M (Fig.  48),  that 
a myope  possesses  over  and  above  an  emmetrope,  is  the  measure  of 
his  myopia.  It  also  gives  us  directly  the  point  for  which  his  eye  is 
adjusted  without  the  exercise  of  any  effort  of  accommodation — i.  e ., 
gives  us  his  far  point.  For  if  R is  the  far  point,  then  M and  E together 
will  focus  upon  N N rays  that  emanate  from  R.  But  to  do  this, 
M must  make  these  rays  parallel,  for  then  E,  the  emmetropic  quota 
of  the  eye  which  is  adjusted  for  parallel  rays,  will  focus  them  properly. 
If,  however,  M is  a lens  that  renders  rays  coming  from  R parallel, 
R must  be  its  principal  (anterior)  focus.  That  is,  the  myopic  eye  may 
be  represented  as  equivalent  to  an  emmetropic  eye  to  which  has  been 
added  a convex  glass  having  such  a strength  that  its  principal  focus  will 
lie  precisely  at  the  jar  point  of  the  eye. 


Fig.  49. 


Course  of  emergent  rays  in  myopia.  Correction  of  myopia.  R , the  far  point  of  the  myopic 
eye.  Rays  R C,  R C,  diverging  from  R will  be  focused  by  C C (representing  the  cornea  and  crystal- 
line lens  collectively)  upon  the  retina  N.  So,  also,  if  N is  illuminated  and  sends  out  i\ys.  N C, 
N C,  these  after  passing  back  through  C C,  and  leaving  the  eye,  will  be  converged  so  qs  to  meet  at 
R (principle  of  conjugate  foci)  and  will  form  there  a real  inverted  image  of  N.  L.  the  uoi  cave  glass 
correcting  the  myopia,  placed  at  the  normal  distance  (one-half  inch)  in  front  of  tl  e tye.  L will  give 
parallel  rays,  P L,  P L,  a divergence  as  if  they  came  irom  R—i.  e.,  will  make  Lake  the  direction 
L C,  L C.  C C can  then  focus  these  rays  upon  the  retina  N just  as  if  they  nad  ,(a  tea  from  R in  the 
fir.'t  place.  R is  hence  the  principal  focus  of  L,  whose  focal  length,  therefore,  ;s  OR.  If  L is  shifted 
half  an  inch  further  out  (to  L'),  its  focus  must  still  be  at  R.  and  its  foca’  leLgih  will  have  to  be  O'  R 
—i.  e.,  it  will  have  to  be  a stronger  lens  than  L in  order  to  give  pa’allel  the  proper  direction. 

Correction  of  Myopia.  The  foregoing  conception  enables  us  at 
once  to  deduce  the  way  to  correct  myopia.  If  myopia  consists  in 
an  excess  of  refractive  power,  such  as  is  represented  by  a convex  lens, 
M,  it  will  be  corrected  by  a glass  that,  will  perfectly  neutralize  M — 
i.  e.,  by  a concave  glass  of  the  same  strength  or  focal  length.  This 
can  be  seen  even  more  readily  in  Fig.  49.  Here  R represents  the 
far  point  of  the  eye,  and  L the  lens  correcting  the  myopia.  Since  L 
corrects  the  myopia,  or,  in  olher  words,  renders  the  eye  emmetropic, 
it  must  adjust  the  eye  for  parallel  rays.  As,  however,  the  eye  is 
naturally  adjusted  for  rays  that  are  already  divergent,  and,  in  fact, 
for  rays,  RC,  RC,  diverging  from  R,  the  correcting  glass,  L,  must  be 
such  as  to  malo  pa  'all  el  rays  diverge  as  if  they  came  from  R.  Such 
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a glass  must  be  a concave  lens,  and  its  focus  must  be  at  R.  ^ e see, 
therefore,  that  the  glass  which  corrects  the  myopia  of  an  eye  must  be 
a concave  lens  whose  focus  is  at  the  far  point  of  that  eye. 

Myopia  is  usually  measured  by  the  strength  of  the  glass  that  cor- 
rects it.  Thus  we  speak  of  a myopia  of  4 D.,  meaning  an  eye  whose 
correcting  lens  is  a — 4 D.,  and  whose  far  point  consequently  is  about 
10"  in  front  of  the  eye.1 

The  efficiency  of  a glass  in  correcting  myopia  will  vary  somewhat 
according  to  the  distance  of  the  glass  from  the  eye.  For,  no  matter 
where  the  correcting  glass  L is  situated,  it  must  have  its  focus  at 
R,  the  far  point  of  the  eye,  in  order  to  give  parallel  rays  the  proper 
direction  for  the  eye  to  focus  them.  If,  then,  L is  pushed  away  from 
the  eye,  say  to  L',  its  focal  length,  instead  of  being  R L,  it  will  be  the 
shorter  distance  R L' — i.  e.,  it  will  have  to  be  a lens  of  shorter  focus, 
that  is,  of  greater  power,  in  order  to  do  the  same  work.  For  instance, 
if  a given  myopia  is  corrected  by  a glass  of — 10  D.  (=  4"  focal 
length)  placed  ¥ from  the  cornea,  it  will  need  a glass  of  31"  focal 
length  (=  11.5  D.)  to  correct  the  myopia  when  the  glass  is  placed 
1"  from  the  cornea.  That  is,  what  would  be  a proper  correcting  glass 
if  placed  }"  from  the  eye,  has  become  1.50  D.  too  weak  when  shoved 
¥ further  away.  We  see,  then,  that  the  strength  of  a concave 
glass— i.e.,  its  ability  to  correct  myopia— is  lessenedrif  the  glass  is  carried 
away  from  the  eye,  and  is  increased  if  the  glass  is  brought  nearer  the 
eye.  This  is  true  whether  the  concave  glass  is  used  for  distance  or 
for  near.  As  will  be  seen  from  the  above  example,  the  difference 
produced  in  this  way  with  strong  glasses  is  considerable. 

It  is  for  this  reason  that  we  see  persons  whose  glasses  do  not  fully 
correct  their  myopia  pushing  the  glasses  close  in  against  their  eye- 
lids in  order  to  see  distinctly  at  a distance.  They  thus  in  effect 
increase  the  effect  of  their  glasses. 

Accommodation  in  Myopia.  Near  Point.  The  myope  can,  without 
using  any  accommodation  at  all,  see  distinctly  an  object  situated 
comparatively  near  him,  namely,  at  his  far  point.  He  can  still, 
therefore,  see  quite  near  objects  sharply,  even  if  his  accommodation 
is  paralyzed  with  atropine.  If.  l.ovever,  he  uses  his  accommodation, 
he  can  focus  down  upon  points  still  nearer.  When  he  uses  all  his 
accommodation  his  eye  is  adjusted  for  his  near  point.  Obviously 
this  will  be  nearer  to  his  eye  than  is  the  near  point  of  an  emmetrope 
having  an  equal  amount  of  accommodation.  Thus  an  emmetrope 
having  4 D.  of  accommodation  can,  by  using  the  utmost  accommo- 
dative effort,  see  an  object  situated  10"  from  his  eye.  A myope 
of  4 D.  will  be  able  to  see  an  object  at  this  distance  without  using 
any  accommodation  at  all;  and  if  he  does  use  4 D.  of  accommo- 
dation in  adaition,  he  will  be  able  to  see  an  object  at  5"  from  the 
eye.  For,  as  compared  with  the  emmetrope,  who  in  using  all  his 


i TV  is  statement  is  not  quite  accurate  if,  as  should  properly  be  done,  the  distance  of  the  far  point 
is  -ccl  oned,  not  from  the  point  where  the  glass  is  usually  placed,  but  from  the  nodal  point  of  the 
eyre,  which  is  an  inch  further  back. 
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accommodation  has  in  effect  placed  a +4  D.  glass  before  his  eye, 
he  is  like  a person  who  has  a +4  D.  glass  (representing  the  surplus  of 
refraction  due  to  his  myopia)  combined  with  another  +4  D.  glass 
(representing  his  accommodation) — i.  e .,  he  is  in  effect  an  emme- 
trope  with  a +8  D.  glass  before  his  eye,  or  an  emmetrope  who  is 
using  8 D.  of  accommodation. 

A myope’s  range  of  distinct  vision  is  obviously  very  limited,  even 
when  the  nearsightedness  is  of  low  degree.  Thus  a myope  of  2 D. 
who  has  6 D.  of  accommodation,  and  has,  therefore,  a far  point  at 
20"  and  a near  point  at  5",  can  see  distinctly  through  a range 
of  only  15".  The  higher  the  myopia  the  more  this  range  diminishes, 
and  in  fairly  high  degrees  it  becomes  practically  nil.  Thus  a myope 
of  10  D.  with  an  accommodation  of  6 D.  would  have  a range  of  only 
1.5"  (from  his  far  point  at  4"  down  to  his  near  point  at  2.5"). 

Some  compensation  for  this  limited  range  is  found  in  the  fact  that 
a myope  in  doing  near  work  is  partly  or  wholly  independent  of  his 
accommodation.  Thus  a myope  of  4 D.,  as  he  sees  distinctly  at  a 
distance  of  10"  without  using  any  accommodation,  will  never  need 
to  have  a glass  for  reading,  no  matter  how  old  he  becomes.  A myope 
of  even  2 D.  will  not  need  to  use  glasses  for  reading  nearly  so  soon  as 
an  emmetrope  will.  For,  while  the  latter  usually  has  to  get  glasses 
when  his  accommodation  is  reduced  to  4 D.,  or  when  he  is  about 
forty-three  years  old,  the  myope  of  2 D.  will  not  have  to  get  a glass 
until  his  accommodation  is  reduced  to  about  1.5  D. — fie.,  at  the  age 
of  fifty-five  years.  For  the  same  reason  we  can  use  atropine  or 
homatropine  in  myopes  with  considerable  freedom,  as  we  can  assure 
them  that  the  instillation,  even  though  it  does  abolish  the  accom- 
modation, will  cause  them  little  or  no  interference  with  near  work 

As  myopes,  and  particularly  myopes  of  fairly  high  degree,  neea  lo 
use  their  accommodation  so  little,  they  have  not  the  same  facility 
in  this  regard  as  emme tropes  and  hypermetropes.  When  however, 
we  correct  a myope  we  convert  him  suddenly  into  an  emmetrope,  and 
he  has  to  accommodate  like  one.  Naturally  this  sudden  assumption 
of  an  almost  disused  faculty  is  not  easy  for  many,  and,  indeed,  most 
myopes  find  difficulty  at  first  in  using  their  glasses  for  near  work. 
The  older  the  patient,  the  more  pronounced  this  difficulty  is.  It  is 
astonishing,  however,  with  what  ease  most  myopes  reacquire  this 
ability  to  use  their  accommodation,  man}’  doing  so  at  once,  and 
nearly  all  doing  so  in  a very  short  time.  When,  however,  the  near- 
sight exceeds  12  D.,  we  frequently  find  that  the  myope,  especially 
if  he  is  of  adult  age  and  has  net  used  suitable  correcting  glasses, 
cannot,  even  after  persistent  effort,  learn  to  use  as  strong  a glass  for 
near  as  for  distance.  In  these  ^ases  the  accommodative  faculty  is 
actually  lacking,  and  this  iG  due,  as  anatomical  researches  have 
shown,  to  atrophy  of  the  ciliary  muscle. 

In  myopia  of  low  dc  g:ee  the  accommodation  is  usually  quite  active, 
and  may  often,  indeed,  act  excessively , producing  an  apparent  exag- 
geration of  the  nearsight.  The  accommodative  effort,  in  other  words, 


will  cause  an  excessive  bulging  of  the  crystalline  lens,  and  thus  add 
just  so  much  to  the  refractive  power  of  the  eye,  already  too  great. 
This  factitious  or  accommodative  myopia,  produced  by  spasm  of 
accommodation,  will  be  considered  later.  (See  under  “Varieties  of 
Myopia.”) 

One  effect  of  the  disuse  of  accommodation  in  myopia  is  to  produce 
an  accommodative  convergence-insufficiency,  or  exophoria,  which  may 
develop  into  a regular  divergent  squint,  which  at  first  is  periodic 
(marked  only  for  near),  afterward  constant.  An  exophoria,  and  in  " 
its  incipiency1  a divergent  squint,  having  this  origin  may  be  corrected 
by  the  use  of  concave  glasses,  which  compel  the  patient  to  use  his 
accommodation,  and  hence  also  to  converge. 

Varieties  and  Causation  of  Myopia.  We  have  regarded  the  myopic 
eye  as  an  emmetropic  eye  with  a surplus  of  refractive  power  added 
to  it.  This  is  true  of  many  cases.  That  is,  in  these  cases  the  eye 
is  of  normal  length,  but  the  cornea  or  lens  has  its  refractive  power 
increased,  so  that  the  two  together  focus  too  strongly  or  bring  the 
rays  together  too  soon.  This  overplus  of  refractive  power  may  be 
due  to  excessive  bulging  of  the  surfaces  of  the  cornea  or  lens 
(curvature  myopia),  or  to  changes  in  the  density  of  the  lens,  cornea, 
or  aqueous,  altering  their  index  of  refraction  (index  myopia).  In 
most  cases  of  myopia,  however,  the  cornea  and  lens  are  of  nearly 
normal  curvature  and  density,  the  eye  being  myopic  simply  be- 
cause it  is  too  long,  so  that  the  rays,  although  normally  focused, 
come  together  in  front  of  the  retina  (axial  myopia). 

A transient  curvature  myopia  is  produced  in  what  v*  e call  spasm 
of  accommodation;  when  the  patient,  by  excessive  use  of  his  accom- 
modation, temporarily  increases  the  curvature  of  his  crystalline  lens 
above  the  proper  amount.  This  accommodative  myopia  may  happen 
(1)  as  the  result  of  excessive  near  work ; or  (2)  from  the  effort  of  trying 
to  see  by  a poor  light;  or  (3)  of  trying  to  see  when  the  sight  is  obscured 
by  an  opacity  of  the  cornea  or  lens.  It  may  also  (4)  result  from  the 
effort  to  see  more  distinctly  in  astigmatism,  and  (5)  it  frequently  is 
produced  by  the  effort  of  accommodation  expended  in  overcoming  a 
concave  glass.  An  emmetrope  or  a hypermetrope  with  good  accom- 
modation can  see  as  well  with  a — 1 D.  glass  as  without  it,  because 
he  almost  immediately  contracts  his  ciliary  muscle,  bulges  out  his 
crystalline  lens,  and  thus  gives  his  eye  an  additional  refractive  power 
of  1 D.,  which,  acting  like  a convex  lens  of  that  strength,  neutralizes 
the  concave  glass.  By  a similar  process  a man  who  is  actually  myopic 
1 D.  will  see  as  well  with  a — 2 D.  as  with  a — 1 D.  glass. 

The  spasmod’c  contraction  of  the  ciliary  muscle  by  which  a man 
may  thus  apparently  increase  his  myopia  if  he  is  really  myopic,  or 
simulate  a myopia  when  he  is  actually  emmetropic  or  hyperopic,  is 
called  spasm  of  accommodation.  It  may  be  transient  or  last  for  a 
considerable  period — years  even — according  as  the  causes  which 

1 And  even  if  of  several  years’  standing. 
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produce  it  are  transitory  or  permanent.  Homatropine,  or,  in  the  case 
of  a persistent  spasm,  atropine,  repeatedly  instilled  will  abolish  the 
spasmodic  contraction  of  the  muscle  and  with  it  the  factitious  myopia. 
This  means  of  diagnosis  should  always  be  employed  when  there  is  a 
suspicion  of  spasm  of  accommodation,  and,  as  experience  shows  us 
that  in  people  below  forty-five  years  of  age  a spasm  of  this  sort  very 
frequently  exists,  it  is  important  to  use  homatropine  or  atropine 
whenever  we  can  in  our  examination  of  the  refraction.  Otherwise  we 
shall  often  estimate  the  myopia  too  high  or  the  hyperopia  too  low. 
(See  remarks  upon  “The  Use  of  Cycloplegics,”  later  on.) 

Permanent  curvature  myopia  is  usually  dependent  upon  structural 
changes  in  the  cornea  or  lens,  due  to  disease.  Examples  are  the 
myopia  of  conical  cornea  and  that  associated  with  many  opacities 
of  the  cornea,  and  the  myopia  produced  by  a crystalline  lens  which 
is  dislocated,  and,  being  thus  freed  from  the  tension  of  its  suspensory 
ligament,  bulges  out  because  of  its  own  elasticity.  Permanent  curva- 
ture myopia  is  associated  almost  always  with  astigmatism,  often  of 
the  irregular  variety. 

An  example  of  index  myopia  is  that  often  occurring  in  the  develop- 
ment of  cataract,  when  the  lens,  owing  to  alterations  in  its  density,  and 
especially  to  sclerosis  of  its  nucleus,  becomes  more  refractive.  This 
myopia,  which  may  amount  to  several  dioptres,  is  often  also  asso- 
ciated with  astigmatism,  as  the  increase  in  density  does  not  take 
place  in  all  parts  of  the  lens  to  the  same  degree. 

The  transient  myopia  often  developing  in  iritis1  is  held  by  some 
to  be  an  example  of  index  myopia,  the  increase  in  refractive  power 
being  attributed  to  increased  density  of  the  aqueous.  It  is  doubt!  ul, 
however,  whether  this  explanation  is  valid. 

Axial  myopia  is  by  far  the  most  common  variety.  It  is  due  to 
the  gradual  elongation  of  the  eye  which  occurs  in  childhood  and 
in  youth,  and  which  causes  a gradual  recession  of  the  retina  This 
process  occurring  normally  in  all  eyes,  occurs  excessively  ;n  myopes, 
and,  as  it  goes  on,  tends  to  make  them  more  and  more  nearsighted. 
Every  millimetre  of  such  recession  corresponds  to  an  increase  of  about 
3 D.  in  the  myopia. 

The  elongation  in  myopia  affects  almost  exclusively  the  back  part 
of  the  eye,  which  loses  its  globular  form  a no  bulges  out  in  the  form 
of  an  egg.  The  end  of  this  egg-shaped  figure  lies  about  at  the  yellow 
spot,  and  the  parts  in  the  vicinity  of  the  latter  consequently  suffer 
the  most  from  the  stretching  produced  by  the  elongation  of  the  eye. 
The  parts  in  front  of  the  lens,  on  the  contrary,  suffer  little  change, 
the  cornea  retaining  its  curvatui  e,  and  the  anterior  chamber  its  normal 
depth. 

The  reason  for  this  excessive  elongation  of  the  back  part  of  the  eye 
—the  reason,  that  is,  for  ihe  development  and  progress  of  myopia— 
has  not  been  satisfactorily  determined.  There  must  be  some  cause, 


i Amounting  sometimes  to  2 D.  or  more. 
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either  external  force  or  internal  pressure,  acting  to  distend  the  back 
of  the  eyeball.  This  cause  has  been  variously  considered  to  be  the 
pressure  of  the  external  muscles,  especially  the  obliques,  undue 
accommodative  action,  the  traction  of  the  optic  nerve,  etc. 

Whatever  the  cause,  it  is  held  usually  to  be  one  that  is  particu- 
larly active  when  the  eyes  are  used  for  near  work.  Statistics  are  forth- 
coming in  abundance  which  seem  to  show  that  myopia  increases  pari 
passu  with  the  amount  and  complexity  of  the  work  to  which  the  eyes 
are  subjected.  Thus  it  has  been  made  quite  certain  that  myopia  is 
of  lower  degree  and  also  less  prevalent  in  the  lower  schools  than  it 
is  in  the  higher  schools  and  in  the  colleges;  and  the  inference,  has 
been  drawn  that  the  myopia  results  in  the  first  instance  from  the 
moderate  application  of  the  eyes  in  the  lower  schools,  and  is  then 
enhanced  by  the  further  and  greater  strain  imposed  upon  the  eyes 
by  the  more  complex  work  of  the  higher  schools.  This  inference, 
although  perhaps,  in  part,  correct,  is  not  really  warranted  by  the 
statistics,  for  myopia,  being  a progressive  affection,  and  increasing 
naturally  with  age,  would  of  necessity  be  more  frequent  and  of  higher 
grade  in  the  older  pupils,  whether  they  used  their  eyes  for  near  work 
or  not.  Moreover,  it  is  quite  frequently  the  case  that  myopia,  espe- 
cially myopia  of  high  degree  and  rapid  progress,  develops  in  those  who 
do  not  use  their  eyes  for  near  work  at  all.  Thus  it  is  fairly  common 
in  peasants  who  lead  an  out-of-door  life  and  who  cannot  read  nor 
write.  The  influence,  then,  of  near  work  in  producing  myopia,  although 
undoubtedly  marked,  has  probably  been  considerably  ov^nated. 

In  any  case,  the  use  of  the  eyes  for  near  work  is  no*  the  sole  cause 
of  myopia.  It  is  at  most  the  exciting  cause.  For  of  two  children 
of  the  same  age,  and  both  subjected  to  the  same  kind  of  work  in  the 
same  school,  one  will  become  nearsighted,  and  the  other  will  remain 
hyperopic  or  become  simply  emmetropic.  There  must  be  some  pre- 
disposing cause  acting  in  the  former  case  to  produce  the  myopia. 
As  such  predisposing  causes  have  been  alleged  the  shape  of  the  orbit 
(a  low,  broad  orbit  being  supposed  to  favor  the  development  of 
myopia),  abnormal  insertion  of  the  external  muscles,  especially  of  the 
obliques,  insufficiency  of  the  intorni,  etc.  A more  important  cause 
probably  than  any  of  these  is  a natural  distensibility  of  the  back  of 
the  eye,  allowing  it  to  recede  under  the  influence  of  even  a normal 
pressure.  Whatever  the  predisposing  causes  are,  they  seem  to  be 
inherited , for  myopia,  and  particularly  the  rapidly  progressive  form 
of  it,  tends  to  run  in  families.  Consanguinity  in  the  parents  also 
seems  to  have  some  effect  in  producing  it. 

Complications  o ; Myopia.  Myopia  is  associated  quite  frequently 
with  complications  of  the  fundus.  The  chief  of  these  are  the  so-called 
crescent  or  conus;  rarefaction  and  other  degenerative  changes  of  the 
choroid,  gi ou.ped  under  the  name  of  sclero-choroiditis  posterior;  actual 
central  choroiditis;  hemorrhages  in  the  choroid  or  retina;  the  formation 
of  a black  spot,  probably  due  to  pigment  proliferation  in  the  macula 
la  tea;  and  detachment  of  the  retina. 
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Of  the  conus,  three  varieties  may  be  distinguished  : 

First,  there  is  the  congenital  form,  skirting  the  lower  border  of  the 
papilla.  This  variety,  which  is  attributed  to  an  arrest  of  develop- 
ment (non-closure  of  the  foetal  fissure),  is  usually  associated  with  a 
moderate  degree  of  myopia  and  astigmatism,  although  it  often  also 
occurs  in  hyperopic  eyes.  The  myopia  found  with  a congenital  conus 
may  be  progressive,  although  in  many  cases  it  remains  stationary 
through  life,  and  the  conus  inferior  as  such  has  no  special  signifi- 
cance in  indicating  an  advance  of  the  myopia. 

The  second  form  of  conus  occurs  as  a moderately  large,  sharply  de- 
fined white  crescent,  skirting  the  temporal,  or,  more  rarely,  the  nasal, 
side  of  the  disk.  It  may  be  combined  with  the  inferior  conus,  or  it 
may  encroach  on  the  upper  border  of  the  disk.  This  form  is  the 
regular  concomitant  of  myopia  of  moderate  degree,  that  is,  up  to 
10  D.  Yet  it  is  absent  in  not  a few  cases  of  myopia,  even  in  those 
of  considerable  amount,  and  frequently  is  found  with  emmetropia 
or  with  hyperopia.  In  itself,  if  unassociated  with  rarefaction  of  the 
adjacent  choroid,  it  does  not  argue  an  active  progression  of  the 
myopia,  and  is  not  to  be  regarded  as  pathological. 

The  third  form  of  conus  is  the  large  triangular  or  irregularly  oval 
white  patch  of  atrophy  with  ill-defined  borders,  or  with  a series  of 
concentric  borders  (terraced  conus).  This  may  occupy  the  temporal 
side  of  the  papilla  or  spread  so  as  to  envelop  the  latter  on  all  sides 
(annular  conus).  It  is  found  regularly  with  myopia  of  10  D.  or  more, 
sometimes  also  with  myopia  of  less  amount.  It  always  indicates 
progression  of  the  myopia,  and  is  to  be  regarded  as  one  of  the  mani- 
festations of  a sclero-choroiditis  posterior,  other  evidences  of  wh'  *h 
are  almost  invariably  present.  It  is,  therefore,  a pathological  phe- 
nomenon. 

Sclero-choroiditis  posterior,  under  which  term  may  be  included  all 
forms  of  rarefaction  and  atrophy  of  the  choroid,  with  or  without  the  de- 
position of  pigment,  occurs  regularly  with  myopia  of  more  than  10  D., 
and  sometimes  also  with  myopia  of  only  5 or  6 D.  Whenever  present,  it 
indicates  advance  of  the  myopia,  and  shows  that  we  are  dealing  with 
an  abnormally  distensible  or,  at  all  events,  an  abnormally  distending 
eye.  Very  rarely  indeed  a myopia  of  more  th°n  10  D.  is  found  without 
conus  and  without  evidences  of  rarefaction  of  the  choroid. 

The  other  fundus  changes — viz.,  hemoi mages,  degenerative  and 
inflammatory  alterations  in  the  yehcw  vpot,  and  detachment  of  the 
retina — occur  with  moderate  frequency  in  myopia.  Statistics  seem 
to  show  that,  contrary  to  the  usual  opinion,  these  accidents  are  not 
much  more  common  in  the  very  high  degrees  of  myopia  than  in 
myopia  of  5 or  6 D.  But  inferences  drawn  from  statistics  are  not 
entirely  trustworthy.  These  accidents  are  more  likely  to  occur  after 
the  ordinary  changes  ol  myopia  (sclero-choroiditis  posterior,  etc.) 
have  lasted  a long  time. 

Progress  of  Myopia.  Myopia  is  rarely  congenital.  Some  of  the 
cases  associated  with  an  inferior  conus,  no  doubt,  date  from  birth, 
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and  some  other  congenital  cases  are  probably  due  to  disease  of 
the  eye  occuring  in  utero.  But  in  the  overwhelming  majority 
of  cases  myopia  is  an  acquired  affection  which  develops  between 
the  ages  of  five  and  twenty.  Three  classes  of  cases  may  be  dis- 
tinguished. 

In  the  first  class  of  cases  the  myopia  never  exceeds  2 D.  Such 
a myopia  may  develop  in  late  childhood  or  in  youth,  in  which  case 
its  advance,  if  not  arrested  sooner,  ceases  at  the  age  of  twenty-one 
or  twenty-two,  when  the  patient  attains  full  growth.  A myopia 
of  this  sort  may  also  start  in  adult  life,  and  is  then  generally  the 
result  of  excessive  use  of  the  eyes  for  near  work.  This  low  myopia 
is  usually  associated  with  astigmatism.  It  is  probable  that  this 
association  is  not  fortuitous,  but  that  the  astigmatism  is  the  cause 
of  the  myopia  ; that  is,  a patient  starting  with  hyperopic  astigma- 
tism, converts  this  in  his  efforts  to  see  distinctly  first  into  a mixed 
and  then  into  a myopic  astigmatism.  Myopia  of  this  amount  is 
not  usually  associated  with  a conus. 

In  the  second  class  of  cases  the  maximum  pitch  to  which  the  myopia 
attains  is  about  to  2 to  10  D.  Such  myopia  develops  in  childhood, 
especially  during  the  school  age,  and  tends  to  increase  up  to  the 
age  of  twenty-one  or  twenty-two,  when,  with  rare  exceptions,  it 
comes  to  a stop.  Its  advance  appears  to  be  directly  proportional 
to  the  demands  made  upon  the  eyes  in  school-work.  Hence  myopia 
of  this  kind  is  often  called  “ school  myopia.”  Yet,  as  before  remarked, 
there  is  probably  no  actual  intimate  relation  in  most  cases  between 
school-work  and  the  progress  of  myopia.  Excessive  near  work  may 
initiate  a myopia,  but  is  not  probably  the  main  factor  in  causing 
its  advance  after  it  has  started. 

Myopia  of  this  kind  is  often  accompanied  with  astigmatism.  It  is 
generally  associated  with  a simple  temporal  or  nasal  conus,  and  not 
with  the  progressive  (large,  terraced,  or  annular)  conus,  nor  with  true 
sclero-choroiditis  posterior. 

In  the  third  class  of  cases  the  myopia  begins  in  early  childhood, 
increases  rapidly  duiing  the  growing  period  (often  reaching  10  or 
12  D.  at  the  age  of  ten),  and  so  far  from  coming  to  a stand-still  at 
twenty-one,  keeps  on  increasing  in  adult  life,  so  as  ultimately  to 
attain  15  to  20,  or  even  25  to  dU  I).  This  kind  of  myopia  bespeaks 
an  unusually  yielding  arid  distensible  eye.  It  is  almost  invariably 
associated  with  a large  conus  and  marked  sclero-choroiditis  posterior, 
which  may  develop  long  before  the  myopia  has  reached  a high  grade. 

In  contradistinction  to  the  other  kind,  this  form  of  myopia  is 
denoted  as  progressive  or  pernicious. 

This  form  is  distinctly  pathological.  It  does  not  develop  particu- 
larly as  the  result  of  excessive  near  work,  and,  indeed,  occurs  com- 
paratively oi  fen  in  those  who  use  their  eyes  but  little.  It  occurs  more 
often  in  the  foreign  born  than  in  native  Americans,  and  more  often 
in  dispensary  patients  than  in  the  well-to-do.  It  is,  in  fact,  a vice 
of  development. 
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The  elongation  of  the  eye  in  many,  and  probably  in  most  cases  of 
myopia,  takes  place  discontinuously , so  that  the  nearsightedness  will 
remain  at  the  same  point  for  perhaps  several  years,  and  then  sud- 
denly make  an  advance.  This  is  shown  in  many  cases  by  the  presence 
of  a terraced  crescent  adjoining  the  papilla,  each  terrace  representing 
a period  of  renewed  progress. 

It  should  be  noted  that  not  all  cases  of  progressive  myopia  are  due 
to  elongation  of  the  back  of  the  eyeball.  The  advance  may  be  due 
to  rapid  increase  in  the  corneal  curvature,  as  in  true  lenticonus,  and 
also  in  certain  other  cases  not  strictly  classifiable  under  this  head. 
It  should  also  be  remembered  that  mixed  cases  of  curvature  and  axial 
myopia,  due  to  changes  in  the  curvature  in  the  cornea  and  lens  com- 
bined with  elongation  of  the  eyeball,  are  not  uncommon. 

Vision  in  Myopes.  Myopes  have  very  hazy  sight  for  distance. 
The  myope  of  2 D.  rarely  has  more  than  2/100  vision;  one  with  4 D. 
cannot  count  fingers  across  the  room;  and  in  the  higher  degrees  of 
nearsight  the  blurring  is  still  more  pronounced.  This  blurring  is 
enhanced  by  the  dilatation  of  the  pupils  which  is  usually  present  in 
such  cases,  and  which  acts  by  enlarging  the  diffusion  images. 

For  near  'points  myopes  have  very  good  vision — in  fact,  sharper 
vision  than  emmetropes,  since  near  objects  appear  to  them  larger 
than  they  do  to  emmetropes.  Moreover,  as  myopes  do  not  have  to 
use  their  accommodation,  even  when  the  object  is  quite  near,  they 
see  such  an  object  without  accommodative  strain.  As  an  offset  to 
this,  it  often  happens  that  they  have  to  hold  an  object  so  close  to 
see  it  distinctly  that  they  cannot  keep  both  eyes  converged  upon  it 
and,  hence,  get  into  the  way  of  looking  with  only  one  eye  at  a time, 
allowing  the  other  eye  to  diverge.  They  thus  have  only  monocular 
vision. 

With  glasses , the  vision  in  myopia  of  low  and  medium  degrees  is 
generally  nearly  or  quite  normal.  In  myopia  of  over  12  I),  ihe  vision 
is  seldom  better  than  20/40,  and  in  myopia  of  20  D.  or  over  we  rarely 
get  better  than  20/70  or  even  20/200.  Yet  if  marked  fundus  changes 
are  absent  the  sight  may  be  much  better  than  this ; and  I have  seen 
a myope  of  20  D.  with  a vision  of  15/20. 

In  cases  with  congenital  inferior  conus  the  vision  is  likely  to  be 
subnormal,  although  if  the  refraction  be  corrected  carefully  the 
vision  may,  in  many  cases,  be  brougl  t up  to  nearly  or  quite  the 
normal  amount. 

In  myopia  with  marked  selero-choroiditis  posterior  the  vision  is 
scarcely  ever  normal,  and  if  there  are  hemorrhages,  degenerative  or 
inflammatory  changes,  or  a pigment  spot  in  the  macula,  the  sight 
will  be  damaged  greatly  and  h reparably. 

External  Evidences  Myopia.  If  there  is  much  myopia,  the  eye 
is  often  unusually  prominent  (“ pop-eye'7),  and  the  pupil  is  likely  to 
be  dilated.  This  dilatation  is  attributed  to  the  disuse  of  accommoda- 
tion, or  more  probably  of  the  convergence,  for  when  the  accommo- 
dation and  convergence  are  relaxed  the  pupil  regularly  dilates. 
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Myopes  also  squint  the  eyelids  in  order  to  diminish  the  size  of  the 
pupil,  and  thus  to  lessen  the  size  of  the  diffusion  images.  For  the 
same  reason  myopes  incline  the  heat!  forward,  as  by  so  doing  they 
partially  cover  the  pupil,  and  so  look  through  a narrower  chink. 

The  most  striking  feature,  and  one  that  the  laity  take  as  a sign  of 
nearsightedness,  is  the  manner  in  which  the  myope  holds  objects 
close  up  to  his  eyes  in  order  to  see  them,  thus  bringing  the  object 
within  his  far  point.  This,  however,  is  not  an  absolute  evidence 
of  nearsightedness,  being  sometimes  due  merely  to  habit,  some- 
times, also,  as  we  shall  see  later,  being  found  in  hyperopia  of  a high 
degree. 

Hyperopia.  Far  Point  in  Hyperopia.  A patient  with  uncorrected 
hyperopia  sees  in  diffusion  images.  Consequently  his  sight  is  blurred, 
and  the  more  so  the  higher  the  hyperopia.  His  natural  distant  vision 
then  is  poor;  but,  contrary  to  what  takes  place  in  myopia,  his  vision 

Fig.  50. 


D 


Far  point  in  hyperopia  and  course  of  emergent  rays;  correction  of  hyrei"*pia  by  accommoda- 
tion or  by  a convex  glass.  R,  the  far  point  of  the  hyperopic  eye.  Rays  such  as  D C R,  D C R,  con- 
verging toward  E,  will  by  the  lens  C C (representing  the  cornea  and  crystalline  lens  collectively)  be 
given  the  additional  convergence  C N,  C N,  so  as  to  be  focused  upon  .etina  N.  So,  also,  if  N is 
illuminated  and  sends  out  rays  N C,  N C,  hack  through  the  eye,  ue*.''  rays,  after  passing  through 
C Candemerging  from  the  eye,  will  take  the  direction  CD,  CD,  a-,  if  they  diverged  from  i?  (prin- 
ciple of  conjugate  foci),  and  will  form  an  erect  virtual  imige  ot  N,  which  will  appear  to  be  at  R. 
H,  supplementary  lens  correcting  the  hyperopia.  H may  be  either  an  actual  glass  lens  (artificial  cor- 
rection) or  may  represent  the  extra  bulging  of  the  crystalline  lens,  produced  by  the  accommodation 
(natural  correction).  In  the  former  case,  II  must  be  of  s-.oh  a strength  that  it  will  make  the  parallel 
rays  B H,  B H,  take  the  direction  D C R,  D C R,  arc*  converge  to  R,  for  if  they  are  given  this  con- 
vergence the  lens  C C can  then  focus  them.  R mutt  u.  en  be  the  principal  focus  of  the  lens  H,  and 
0 R its  focal  length.  If  the  lens  II  is  moved  On  to  II  , its  focus  must  still  be  at  R for  it  to  give  par- 
allel rays  the  proper  convergence,  so  that  its  loch  1 length  will  now  be  O'  R—i.  e„  II'  will  be  a lens  of 
longer  focus— i.  e.,  a weaker  lens  than  H—  and  yet  do  the  same  work. 


for  near  objects  is  pooler  still,  for  if  his  eye  is  naturally  so  weakly 
refracting  that  it  cannot  focus  even  parallel  rays  upon  the  retina, 
still  less  will  it  focus  rays  which,  coming  from  a near  object,  are  already 
divergent,  and  hence  are  just  so  much  the  more  difficult  to  converge. 

The  far  point,  of  the  hyperopic  eye,  therefore,  that  is,  the  point 
for  which  it  is  naturally  adjusted  without  any  effort  of  accommo- 
dation, is  i eidier  at  far  distance,  as  in  emmetropia,  nor  at  any 
nearer  point,  as  in  myopia. 

Where,  then,  is  the  far  point  in  hyperopia?  Or  to  put  the  question 
in  another  way,  If  the  eye  is  neither  adjusted  for  parallel  rays,  as  in 
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emmetropia,  nor  for  divergent  rays,  as  in  myopia,  for  what  kind  of 
rays  is  it  adjusted? 

The  answer  to  this  question  is  simple.  The  hyperopic  eye  (Fig.  50) 
will  not  be  able  to  focus  the  parallel  rays  B B upon  the  retina  N, 
because  it  cannot  give  them  quite  the  amount  of  convergence  required 
— cannot,  we  may  say,  bend  them  quite  strongly  enough.  But  it 
will  focus  rays  like  D C,  D C,  that  are  already  convergent  to  a certain 
amount,  and  which  will,  therefore,  require  a less  amount  of  additional 
convergence  or  bending  to  bring  them  together  at  N . Rays  like  D C, 
D C , if  not  intercepted  by  the  eye,  would  meet  at  some  point,  as  72,  back 
of  the  latter.  We  say,  then,  that  the  hyperopic  eye  is  adjusted  for 
or  will,  without  accommodative  effort,  focus  rays  that  are  converging 
toward  the  point  R,  lying  back  of  the  eye.  The  point  R is  then  the 
far  point  of  the  hyperopic  eye. 

The  less  the  refractive  power  of  the  eye,  that  is,  the  less  additional 
convergence  it  is  able  to  impart  to  the  rays  impinging  upon  it,  the 
greater  must  be  the  initial  convergence  of  the  rays  C C which  can 
be  focused  by  it  upon  the  retina.  But  the  more  C C converge  the 
closer  will  R be  to  the  eye.  Hence  we  see,  the  higher  the  hyperopia 
the  closer  the  far  point. 

Correction  of  Hyperopia.  The  hyperopic  eye  is  like  a camera 
which  is  out  of  focus  because  the  sensitive  plate  is  too  close  to  the 
lens.  Such  a camera  may  be  put  in  focus  either  by  carrying  the 
plate  back  to  its  proper  place,  or  by  leaving  the  plate  where  it  is  and 
adding  to  the  strength  of  the  camera  lens. 

In  the  eye  both  methods  of  compensation  are  possible.  The  eyt 
may  lengthen , and  thus  shift  the  retina  back  to  a point  where  parallel 
rays  will  be  focused  upon  it.  Such  an  elongation  of  the  eye  actuary 
takes  place  during  the  growing  period,  and  thus  the  hyperopF  origin- 
ally present  in  most  eyes  is  gradually  lessened  or  even  entirely  neu- 
tralized. 

This  process,  however,  is  one  that  goes  on  very  gradually,  and, 
even  if  it  took  place  very  much  faster  than  it  doe«.  it  could  not  be 
utilized  for  the  rapid  correction  of  hyperopia.  This  must  be  effected, 
then,  by  adding  in  some  way  to  the  deficient  refractive  power  of 
the  eye. 

In  the  natural  eye  this  is  accomplished  by  accommodation.  The 
ciliary  muscle,  acting  in  quite  the  sane  way  as  it  does  when  the 
emmetropic  eye  focuses  down  from  a distant  to  a near  object,  causes 
the  crystalline  lens  to  bulge,  and  thereby  increases  its  refractive  power 
by  the  requisite  amount.  The  conditions,  in  other  words,  are  pre- 
cisely those  shown  in  Fig.  50,  where  the  lens  (7,  representing  the 
cornea  and  crystalline  lens  of  the  hyperopic  eye,  is  supplemented  by 
the  lens  H , which  represents  the  additional  refractive  power  put 
forth  by  the  accommodation.  The  conditions  that  will  be  observed 
are  analogous  to  those  shown  in  Fig.  46. 

The  ability  of  if  e eye  to  put  forth  this  accommodative  effort,  and 
thereby  neutralize  its  hyperopia,  will  obviously  diminish  as  the  elas- 
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ticity  of  the  crystalline  lens  diminishes.  It  will,  therefore,  decrease 
steadily  with  age.  It  will  also  be  reduced  by  anything  that  impairs 
the  power  of  the  ciliary  muscle,  and  will  be  entirely  abrogated  by  a 
cycloplegic  like  atropine. 

We  may  then  neutralize  hyperopia  by  a certain  accommodative 
effort,  producing  an  increase  of  refraction  represented  by  the  lens  H 
(Fig.  50). 

We  may  also  produce  such  an  increase  in  refraction  by  a glass 
lens  placed  directly  before  the  eye.  Theoretically,  at  least,  it  makes 
no  difference  whether  H is  actually  a lens  of  glass  or  simply  represents 
the  extra  bulging  of  the  crystalline  lens  produced  by  the  ciliary 
muscle.  The  hypermetrope  focused  for  distance  is,  in  fact,  in  the 
same  position  as  the  emmetrope  focused  for  near.  In  either  case,  it 
makes  no  difference,  so  far  as  vision  is  concerned,  whether  the  focusing 
is  done  by  accommodative  power,  or  by  a glass  lens,  or  partly  by 
one  means  and  partly  by  the  other. 

Naturally,  then,  hyperopia  is  corrected  by  accommodation  and 
artificially  by  a convex  lens  which  either  neutralizes  all  the  hyper- 
opia or  so  much  of  it  as  the  accommodation  fails  to  correct. 

The  amount  of  hyperopia  is  usually  measured  in  terms  of  the  glass 
that  completely  corrects  it.  What,  then,  will  be  the  strength  of 
this  glass? 

If  we  revert  to  Fig.  50,  we  see  that  the  refracting  media  of  the  eye 
represented  by  the  single  lens  C will,  unaided,  bring  to  a focus  upon 
the  retina  rays  having  the  direction  D R,  D R — i.  e.,  rays  wh  .ch  are 
already  converging  toward  the  eye’s  far  point,  R.  The  lens  H,  there- 
fore, which  will  adjust  the  eyes  for  parallel  rays,  must  be  just  suffi- 
ciently strong  to  make  the  parallel  rays  take  this  same  direction,  D R, 
and  converge  toward  R.  If  it  does  this  much  of  the  work,  C will  do  the 
rest  and  will  focus  the  rays  upon  the  retina.  But  a lens  which  makes 
parallel  rays  converge  to  R is  a lens  whose  principal  focus  is  at  R; 
hence  the  glass  which  completely  corrects  the  hyperopia  is  a convex  lens 
having  its  principal  focus  at  the  far  point  of  the  hyperopic  eye.  (Compare 
the  statement  made  in  regard  to  the  m -rection  of  myopia,  page  82.) 

Just  as  in  the  case  of  myopia,  the  strength  of  the  correcting  lens 
in  hyperopia  will  vary  according  to  its  distance  from  the  eye.  R being 
the  principal  focus  of  the  correcting  glass  H,  H R is  its  focal  dis- 
tance. If  H is  moved  away  from  the  eye  to  II' , it  will  still  give 
parallel  rays  the  proper  convergence  ; that  is,  will  still  correct  the 
hyperopia,  provided  its  principal  focus  is  at  R.  Its  focal  distance 
now,  however,  is  H'  R,  which  is  greater  than  H R.  Since  the  strength 
of  lenses  diminishes  as  their  focal  distances  increase,  the  lens  placed  at 
II'  will  not  need  to  be  as  strong  to  do  the  same  work  as  if  placed  at 
II.  Or,  to  put  the  case  in  another  way,  the  effect  of  a convex  glass 
in  correctin' / hyperopia  is  heightened  if  the  glass  is  carried  away  from 
the  eye,  ana  is  diminished  if  it  is  carried  toward  the  eye.  In  case  of  a 
high  hyperopia  the  difference  produced  in  the  correcting  glass  in  this 
way  may  be  considerable.  Thus  a patient  who  has  had  a cataract 
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extracted  and  is  wearing  a -f  11  D.  will  alter  its  strength  by  a whole 
dioptre  if  he  shifts  its  position  one-third  inch  forward  or  back. 

It  should  be  carefully  noted  that  in  general  this  increase  in  strength 
produced  in  a convex  glass  by  shifting  it  away  from  the  eye  applies 
only  when  the  glass  is  used  for  distant  vision.  When  a convex 
glass  is  used  for  reading , its  strength  is  diminished  by  carrying  it  off 
from  the  eye,  provided  the  patient  is  emmetropic  or  but  little  hyper- 
opic. If,  however,  his  hyperopia  is  more  than  4 D.,  and  in  some 
cases  ( e . g .,  when  he  holds  a book  far  off),  if  his  hyperopia  is  no  more 
than  3 D.,  he  would  increase  the  effect  of  his  glass  by  carrying  it  off 
from  the  eye. 

The  true  reason  why  many  presbyopes,  even  though  emmetropic, 
push  their  reading-glass  away  from  the  eyes  when  it  is  too  weak, 
is  that  they  thereby  increase  the  size  of  their  retinal  images,  although 
at  the  same  time  they  make  them  less  distinct. 

The  far  point  of  the  hyperopic  eye  can  be  determined  directly 
from  the  strength  of  the  correcting  lens.  Thus  in  hyperopia  of  4 D. 
(or  one  corrected  by  a 10-inch  lens)  the  far  point  is  10"  behind  the  eye. 

Accommodation  in  Hyperopia.  Near  Point.  The  uncorrected  hyper- 
opic eye,  as  we  have  seen,  has  used  up  a certain  amount  of  its  ac- 
commodation in  order  to  neutralize  its  hyperopia  and  to  see  distinctly 
at  a distance.  It  has,  consequently,  only  a residue  of  accommodation 
left  for  focusing  down  upon  a near  point.  As  -compared  with  an 
emmetropic  eye,  therefore,  having  the  same  accommodative  power, 
it  cannot  see  objects  as  close.  Thus  a hyperope  of  2 D.  who  has  6 D. 
of  accommodation  will,  after  neutralizing  his  hyperopia,  have  onl) 
4 D.  left  to  use  in  focusing  upon  near  objects.  His  near  point,  there- 
fore, will  be  at  about  10",  and  he  can  see  an  object  that  far 
off  only  by  using  the  whole  of  his  accommodation;  while  the  ernme- 
trope  with  the  same  accommodative  power  will  still  have  2 ^1.  left 
when  viewing  an  object  at  this  distance,  and  by  using  i1!  of  his 
accommodation  can  focus  down  to  7".  As  a hyperope  and  an 
emmetrope  of  the  same  age  have  about  the  same  amount  of  accom- 
modation, it  follows  that  the  hyperope  will  become  presbyopic, 
that  is,  require  glasses  for  reading,  considerably  sooner  than  the 
emmetrope  will..  For,  as  is  evident  from  Fig.  56,  his  near  point 
has  receded  further  than  the  emmetrope’s — in  fact,  is  as  far  off 
as  is  that  of  an  emmetrope  who  is  a number  of  years  older. 

As  an  offset  to  this,  it  should  be  noted  that  the  hyperopes  accom- 
modation, while  not  greater  in  amount  than  that  of  the  emmetrope 
or  myope  of  the  same  age,  is  in  constant  exercise  and  is  more  readily 
maintained.  In  consonance  vith  this,  we  find  that  in  hyperopes 
the  ciliary  muscle  is  particularly  well  developed. 

The  excess  of  accommodation  which  the  hyperope  has  to  put  forth 
leads  frequently  to  accommodative  convergence-excess , which  may 
remain  as  an  esoph  jria,  or  may  lead  to  a convergent  squint  that  is 
at  first  marked  only  for  near  points,  but  afterward  becomes  pro- 
nounced both  foi  distance  and  near. 
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In  some  cases  of  hyperopia  the  accommodation  may  be  called 
into  play  so  excessively  as  to  over-correct  the  error,  even  for  distance, 
and  thus  render  the  patient  apparently  myopic.  This  is  especially 
the  case  if  astigmatism  is  present  or  if  the  patient  has  used  im- 
proper glasses.  If,  as  sometimes  happens,  a concave  glass  is  pre- 
scribed for  this  apparent  myopia,  the  patient  may,  by  continuing 
his  constant  accommodative  effort,  become  truly  myopic. 

The  hyperope  may  correct  his  hyperopia  entirely  with  his  accommo- 
dation, or  may  relax  his  accommodation  altogether  and  allow  us  to 
correct  the  whole  of  his  hyperopia  with  a convex  glass.  More  usually, 
however,  he  allows  us  to  correct  a portion  of  his  hyperopia  with  a 
glass,  H (Fig.  51),  and  corrects  the  rest  with  his  accommodation  ( A ). 
He  is,  in  fact,  so  accustomed  to  using  his  accommodation  continuously 
that  generally  he  cannot,  no  matter  how  we  urge  him,  give  up  the 
effort  at  once  when  we  place  a convex  glass  before  his  eye,  but  he 
retains  at  least  some  of  his  accommodation — i.  e .,  A — at  work.  If, 
in  such  a case,  we  give  a glass  stronger  than  H by  0.50  D.,  the 


Fig.  51. 


Manifest  and  latent  hyperopia.  The  hyperopic  eye,  instead  of  being  corrected  wholly  by  a 
convex  lens,  as  in  Fig.  50,  is  corrected  partly  by  a glass  lens,  II,  partly  by  tL  e accommodation.  The 
amount  that  is  corrected  all  the  time  by  the  accommodation  (represents  l in  the  figure  by  the  lens  A) 
is  the  latent  hyperopia.  The  portion  corrected  by  the  glass  lens  II,  b"t  vmch  also  may,  if  necessary, 
be  corrected  by  the  accommodation,  is  called  the  manifest  hvpe^pu.  Hyperopia  which  cannot 
be  corrected  at  all  by  the  accommodation,  but  necessarily  equips  a glass  lens  to  obviate  it,  is 
called  absolute. 


patient  will  at  once  begin  to  see  less  distinctly,  for  he  will  then,  in 
effect,  have  before  his  eye  besides  tha  ienses  A and  //,  which  together 
correct  his  hyperopia  and  make  him  emmetropic,  a lens  of  + 0.50  D., 
which  will  make  him  practically  a myope  of  0.50  D. 

A patient  as  shown  in  Fig.  51  would  be  apparently  hyperopic 
to  the  amount  of  H,  although  his  actual  total  hyperopia  would  be 
equal  to  A + H.  A in  this  case  is  his  latent  and  H his  manifest 
hyperopia.  The  manijest  hyperopia,  in  other  words,  is  the  amount 
that  the  patient  will  reveal  by  the  utmost  voluntary  relaxation  of 
his  accommodation,  and  is  represented  by  the  highest  convex  glass 
with  which  be  can  still  see  distinctly.  The  latent  hyperopia  is  the 
remaining  hyperopia,  which  he  will  not  reveal  in  this  way,  because  he 
keeps  it  cori  °cted  by  his  accommodation.  The  total  hyperopia  is  the 
sum  of  the  latent  and  manifest  hyperopia. 

The  patient's  vision  will  be  practically  the  same  whether  he  cor- 
rects the  hyperopia  entirely  by  accommodation,  or  entirely  by  a 
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convex  glass,  or  partly  by  the  glass  and  partly  by  accommodation. 
(Fig  51.)  In  cases,  therefore,  where  the  patient’s  vision  is  already 
good,  because  although  he  has  hyperopia  his  accommodation  corrects 
all  of  it,  we  cannot  demand  of  a convex  glass  that  it  shall  improve 
his  sight,  but  only  that  it  shall  still  keep  the  vision  as  good  as  it  was 
before.  We  say,  then,  that  he  accepts  that  glass.  If  he  accepts  a 
convex  glass,  it  is  proof  that  he  has  hyperopia  of  at  least  that  amount. 
If,  for  instance,  he  sees  as  well  with  a + 1.50  D.  as  without  it,  he 
cannot  have  hyperopia  of  simply  1 D.,  for  in  that  case  the  addition 
of  1.50  D.,  by  over-correcting  the  hyperopia,  would  render  him 
practically  myopic,  0.50  D.,  and  would  blur  his  vision. 

We  cannot  say  that  a patient  accepts  a concave  glass,  for,  as  we 
have  seen,  any  person  with  good  accommodation  will  overcome  a 
low  concave  glass  and  see  at  least  as  well  with  as  without  it.  To 
prove  that  the  patient  really  requires  a concave  glass,  we  should  show 
that  he  sees  really  better  with  it  than  without  it.  If  he  sees  simply 
as  well  with  it,  or  apparently  sees  somewhat  more  sharply,  but  cannot 
actually  distinguish  any  more,  he  is  not  myopic  to  that  amount. 

Varieties  of  Hyperopia.  In  hyperopia  the  point  at  which  the  eye 
focuses  parallel  rays  lies  behind  the  retina.  This  may  be  either  because 
the  retina  is  too  far  forward,  or  because  the  retina,  being  in  its  proper 
place,  the  cornea  or  lens  has  too  little  refractive  power.  Hence  the 
hyperopia  may  be  due  either  to  changes  in  curvature  (flattening)  of 
the  cornea,  or  lens  (curvature  hyperopia),  or  to  changes  in  the  density 
of  these  media  (index  hyperopia),  or  to  an  undue  shortness  of  the 
eyeball  (axial  hyperopia). 

Curvature  hyperopia  is  found  as  a result  of  opacities  or  cicatr'ces 
of  the  cornea  associated  with  flattening.  This  form  is  generally  com- 
bined with  astigmatism.  The  peculiar  sort  of  curvature  hyperopia  in 
which  one  of  the  refractive  surfaces  is  not  simply  flattened,  but  alto- 
gether abolished,  is  that  produced  by  absence  of  the  lens  (aphakia). 
This  in  eyes  previously  emmetropic  produces  a hyperopia  of  10 
to  11  D. 

An  example  of  index  hyperopia  is  that  which  dev  elops  in  old  age 
as  a result  of  sclerosis  of  the  lens,  rendering  the  latter  more  homo- 
geneous, and  hence  less  refractive. 

Axial  hyperopia  is  by  far  the  most  common  kind.  It  is  also  appar- 
ently the  original  condition  subsisting  in  the  vast  majority  of  eyes, 
for  examination  of  newborn  infants  ha*  shown  a very  great  pre- 
ponderance of  hyperopia,  and  particularly  hyperopia  due  to  a com- 
parative shortening  of  the  eye. 

During  the  growing  period  of  childhood  and  youth  the  eye  becomes 
steadily  longer,  so  that  the  ht,p^ropia  grows  less  and  less.  It  may  thus 
be  transformed  into  emmeiropia,  or  possibly  go  over  into  myopia. 
This  process  of  elongation  regularly  ceases  at  the  age  of  twenty-two 
years,  so  that  if  an>  nyperopia  is  left  then,  it  remains  stationary 
thereafter. 

One  millimetre  cf  shortening  of  the  eyeball  corresponds  to  about 


96 


THE  EYE. 


3 D.  of  axial  hyperopia,  so  that,  for  instance,  an  eye  which  is  2 mm. 
shorter  than  normal  will  be  hyperopic  6 D. 

In  axial  hyperopia  the  shortening  affects  chiefly  that  portion  of  the 
eye  back  of  the  lens,  although  especially  in  high  hyperopia  the  cornea 
may  be  flat  and  the  anterior  chamber  shallow. 

A pathological  form  of  axial  hyperopia  is  produced  by  exudates 
pressing  the  retina  forward,  by  detachment  of  the  retina,  and  by  the 
presence  of  tumors  behind  the  eyeball,  which  indent  the  latter. 

Amount  of  Hyperopia  Two  classes  of  cases  may  be  recognized. 
In  one  the  hyperopia  does  not  exceed  5 I).,  and  both  exterior  and 
fundus  present  no  abnormalities.  Such  hyperopia  may  be  called  nor- 
mal. Hyperopia  of  over  5 D.  may  also  be  normal,  but  very  frequently 
in  hyperopia  of  this  amount  we  find  evidences  of  arrested  develop- 
ment, such  as  albinism,  microphthalmus,  a small  cornea,  an  imper- 
fectly developed  fundus,  etc.  Such  hyperopia  is  abnormal. 

Vision  in  Hyperopia.  The  sight  in  hyperopia  depends  upon  the 
patient’s  ability  to  correct  his  error  by  means  of  his  accommodation. 
A young  person  who  has  an  abundance  of  accommodative  power 
and  no  inordinate  amount  of  hyperopia  will  see  distinctly  and  without 
any  great  difficulty  both  for  distance  and  near.  As  he  grows  older 
and  his  accommodation  diminishes,  he  will  be  able  to  see  distinctly 
only  by  the  expenditure  of  more  and  more  effort.  Finally,  a point 
is  reached  where  near  vision  is  effected  with  difficulty  and  strain, 
although  distant  vision  is  still  easy.  Later,  distant  vision  becomes 
difficult  and  near  vision  impossible,  and,  last  of  all,  his  accommodation 
fails  him  even  for  distance,  and  he  sees  poorly  at  all  ranges. 

The  hyperopia  that  the  patient  can  fully  correct  hv  his  accommo- 
dation is  called  facultative;  one  which  he  can  correct  only  by  calling 
into  exercise  an  amount  of  accommodative  power  which  induces  a 
convergent  squint  is  called  relative;  and  one  which  he  cannot  cor- 
rect at  all  by  his  accommodation  is  called  absolute. 

The  period  at  which  this  failure  of  accommodation  to  compensate 
for  hyperopia  occurs— i.  e.,  at  which  the  latter  becomes  absolute— 
varies  a good  deal,  according  to  th  ■ general  build  and  constitution 
of  the  patient,  the  kind  of  work  to  which  his  eyes  are  subjected,  etc. 
In  general,  persons  with  less  than  2 D.  hyperopia,  whose  eyes  are  not 
excessively  taxed  in  near  work,  will  not  suffer  serious  inconvenience 
until  past  twenty-five  or  thirty  years,  when  they  will  generally 
require  a glass  for  reading,  but  will  not  absolutely  require  one  for 
distance  for  perhaps  ten  or  twelve  years  later. 

A hyperope  of  2 co  3 D.  will  probably  experience  some  annoyance 
in  youth  if  he  uses  nis  eyes  much  for  studying,  and  after  the  age  of 
twenty  will  usually  require  a glass  for  near  and  probably,  also,  for 
distance. 

Hyperopes  of  3 to  4 D.  usually  require  glasses  in  childhood,  both 
for  distance  and  near,  as,  while  they  still  can  see  distinctly,  they  do 
so  at  ti.e  expense  of  considerable  effort,  and  hence  develop  either 
an  asthenopia  or  a convergent  squint. 
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Hyperopes  of  more  than  5 D.  rarely  can  overcome  their  defect  by 
accommodative  effort,  and  do  not  often  make  an  attempt  to  do  so. 
Such  patients  simply  have  poor  vision  and  do  not  have  asthenopia. 
Their  sight,  even  with  the  best  correction,  is  often  subnormal  (20/40 
to  20/200  or  less) . 

External  Evidences  of  Hyperopia.  Hyperopes  often  have  small 
pupils.  This  is  believed  to  be  occasioned  by  the  excessive  accommo- 
dative effort,  or  rather  the  excessive  convergent  effort,  that  such 
patients  make,  as  the  acts  of  accommodation  and  convergence  are 
associated  always  with  contraction  of  the  pupils. 

The  front  of  the  eyeball  in  well-marked  hyperopia  often  appears 
flattened  and  the  anterior  chamber  may  be  shallow. 

Most  hyperopes  tend  to  hold  their  books  rather  far  away  on  account 
of  the  recession  of  their  near  point.  Now  and  then,  however,  a 
patient  will  be  found  with  hyperopia,  particularly  when  the  hyper- 
opia is  of  high  degree,  who  holds  his  book  very  close  to  him,  and  on 
that  account  is  thought  to  be  myopic.  This  mistake  is  the  more 
natural  as  such  a patient  often  has  poor  sight  for  distance,  because 
his  hyperopia  is  too  great  to  be  neutralized  by  the  accommodation. 
Of  course,  his  vision  for  near  is  still  poorer,  and  the  more  so  the  closer 
he  brings  objects  to  his  eyes.  Hence  he  is  not  really  like  a near- 
sighted person,  who  by  bringing  objects  closer  makes  them  more 
distinct.  The  hyperope  brings  the  object  nearer  to  make  it  appear 
larger,  and  hence  more  readily  distinguishable,  even  if  it  is  more 
blurred. 

Astigmatism.  Varieties  of  Astigmatism.  Disposition  of  the  Meridians 
in  Astigmatism.  In  astigmatism  the  different  meridians  of  the  eye 
have  different  refractive  powers,  so  that  each  focuses  the  rays  of  light 
differently  from  the  meridian  adjoining.  If  the  change  in  refractive 
power  takes  place  uniformly  and  by  regular  degrees  from  one  merid- 
ian to  another,  so  that  each  meridian  in  succession  refn  ct  a little 
more  strongly  than  the  one  before  it;  and  if,  furthermore,  the  refraction 
in  one  meridian  shows  no  great  or  sudden  changes  from  its  centre 
to  its  periphery,  the  astigmatism  is  called  regular;  and  in  the  contrary 
case,  irregular. 

That  kind  of  astigmatism  produced  by  difference  in  refraction 
between  the  central  and  peripheral  part  of  any  one  meridian  of  the 
eye  is  called  meridianal  aberration. 

In  most  cases  of  regular  astigmatism  the  meridian  that  refracts 
the  most  highly,  that  is,  focuses  the  rays  of  light  most  quickly,  is 
vertical  or  within  30°  of  the  vertical,  and  such  astigmatism  is  said 
to  be  with  the  rule  or  direct.  The  next  most  frequent  variety,  called 
astigmatism  against  the  rule,  oi  'nverse  astigmatism,  is  that  in  which 
the  most  highly  refracting  meridian  is  horizontal,  or  within  30°  of  the 
horizontal.  Less  often  mot  with  is  oblique  astigmatism,  in  which  the 
meridian  of  greatest  refraction  lies  at  from  30°  to  60°  from  the  vertical. 

In  regular  astigniaiLm  the  meridians  of  greatest  curvature  (prime 
meridians)  are  usually  symmetrically  disposed  in  the  two  eyes;  that 

7 


98 


THE  EYE. 


is,  both  are  either  just  vertical  or  just  horizontal,  or  both  are  inclined 
by  an  equal  amount  to  the  temporal  or  both  to  the  nasal  side  of  the 
vertical.  Much  more  rarely  the  meridians  are  parallel  in  the  two 
eyes.  It  is  also  uncommon  to  find  them  neither  symmetrical  nor 
parallel.  Very  rarely  the  prime  meridians  in  the  two  eyes  are  at 
right  angles  to  each  other. 

In  regular  astigmatism  the  meridian  which  refracts  the  most 
strongly  almost  always  lies  at  right  angles  to  the  meridian  which 
refracts  the  least.  These  two  are  called  the  principal  meridians. 
The  amount  of  astigmatism  then  is  measured  by  the  difference  in 
refraction  existing  between  these  two. 

Etiology  and  Development  of  Astigmatism  With  regard  to  the 
etiology,  we  should  distinguish  between  idiopathic  or  primary  astig- 
matism, which  is  not,  and  secondary  or  pathological  astigmatism,  which 
is  due  to  disease  of  the  eye. 

A certain  amount  (0.25  to  0.50  D.)  of  primary  astigmatism  may  be 
regarded  as  physiological  in  that  at  least  that  amount  is  found  in 
nearly  every  eye.  Physiological  astigmatism  is  regularly  present 
both  in  the  cornea  and  in  the  lens,  and  in  both  situations  is  partly 
regular  and  partly  irregular. 

The  higher  degrees  of  primary  astigmatism  (over  1 D.)  are  mainly 
of  the  regular  variety.  Astigmatism  of  1 to  2.50  D.  is  very  frequent, 
although  not  so  much  so  as  to  be  regarded  as  normal.  Astigmatism 
of  2 to  4 D.  is  fairly  common,  while  primary  astigmatism  of  more 
than  5 D.  is  rare. 

This  non-physiological  primary  astigmatism,  like  the  physiological, 
is  usually  present  both  in  the  cornea  and  lens,  although  the  oornea 
is  apt  to  play  a much  larger  part  in  its  production.  Frequently 
corneal  astigmatism  with  the  rule  is  combined  with  lenticular 
astigmatism  against  the  rule,  so  that  the  resulting  total  astig- 
matism is  less  than  the  corneal  astigmatism.  In  other  cases,  but 
less  often,  the  lenticular  astigmatism  adds  to  instead  of  correcting 
that  of  the  cornea;  the  astigmatism  of  both  lens  and  cornea  being 
then  usually  inverse.  Again,  the  combined  corneal  and  lenticular 
astigmatism  is  often  such  that  the  meridian  of  greatest  refraction  of 
the  eye  as  a whole  does  not  coincide  with  the  meridian  of  the  greatest 
curvature  of  the  cornea.  These  variations  are  important  in  esti- 
mating the  value  to  be  ascribed  to  the  findings  obtained  by  the 
ophthalmometer. 

In  the  cornea  primary  astigmatism  is  due  to  unequal  curvature. 
In  the  lens  primary  astigmatism  may  also  be  due  to  unequal  curva- 
ture, but  mor°  usually  to  the  fact  that  the  lens  is  tilted  somewhat, 
and,  furthermore,  that  it  is  built  up  of  separate  fibrillae  of  different 
densities.  These  fibrillae  are  grouped  so  as  to  form  star-like  figures 
on  the  front  and  back  surfaces  of  the  lens.  Rays  of  light  passing 
from  one  ribrilla  to  another  are  refracted  somewhat  irregularly,  and 
thus  3 certain  amount  of  irregular  as  well  as  of  regular  astigmatism 
is  produced. 
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Primary  astigmatism  is  either  congenital,  or  probably  much  more 
often  develops  in  early  childhood.  Once  developed,  it  remains  on 
the  whole  practically  stationary  during  childhood,  youth,  and 
early  manhood.  Changes  do  take  place  in  it  from  time  to  time,  but 
they  are  inconstant  and  usually  slight,  and  there  is  no  special  rule 
governing  the  way  in  which  they  develop.  After  middle  life,  how- 
ever, there  is  a tendency  for  astigmatism  to  change  its  character. 
Astigmatism  with  the  rule  tends  to  become  less,  or  is  sometimes 
converted  into  astigmatism  against  the  rule,  and  astigmatism  against 
the  rule  often  develops  where  no  astigmatism  existed  before,  so  that 
in  old  age  astigmatism  against  the  rule  is  the  most  common  variety. 

Secondary  or  pathological  astigmatism  occurs  both  in  the  cornea  and 
in  the  lens.  In  the  cornea  it  is  due  to  the  unequal  flattening  or 
bulging  produced  by  cicatricial  contraction,  such  as  takes  place  in 
the  healing  of  wounds  and  ulcers,  or  by  faceting  of  the  cornea,  or 
by  non-inflammatory  protrusion,  as  in  keratoconus.  Astigmatism  of 
this*  kind,  while  mainly  irregular,  is  associated  often  with  a large 
amount  of  regular,  and  therefore,  corrigible  astigmatism.  This  is 
particularly  true  of  the  astigmatism  produced  by  cicatricial  contrac- 
tion after  operation  wounds  in  the  cornea.  A marked  example  of 
this  is  the  regular  inverse  astigmatism  of  2 to  8 D.,  quite  uniformly 
found  after  cataract  extraction. 

Secondary  lenticular  astigmatism,  regular  and  irregular,  is  pro- 
duced by  variations  in  its  curvature  (that  due  to  bulging  of  a dis- 
located lens,  for  instance),  or  by  alterations  in  the  density  (nuclear 
sclerosis  or  other  changes  due  to  advanced  age). 

Pathological  astigmatism  will  remain  stationary  or  change  accord*:  tg 
to  the  behavior  of  the  process  producing  it.  Thus  a corneal  astig- 
matism produced  by  a cataract  extraction  regularly  decreases  duiing 
the  three  or  four  months  following  the  operation  (often  diminishing 
several  dioptres)  until  the  process  of  cicatrization  is  completed, 
when  it  remains  stationary.  Astigmatism  due  to  keratoconus  often 
goes  on  increasing  for  years,  either  continuously  or  at  intervals. 

Absolute  Refractive  State  in  Astigmatism  In  regular  astigmatism 
the  rays  passing  through  meridian  No.  1 come  tc  a focus  in  front 
of  those  passing  through  meridian  No.  2,  next  adjoining,  and  these 
again  in  front  of  those  passing  through  meridian  No.  3,  etc.  But  this 
fact  tells  us  only  that  one  meridian  refracts  more  strongly  than  the 
other,  but  does  not  tell  us  what  the  ahsu'ute  refraction  of  each  merid- 
ian is.  This  will  depend  entirely  upon  where  the  retina  is  situated. 

If  (Fig.  52)  we  have  a case  of  astigmatism  with  the  rule,  rays 
coming  from  a distant  point  of  light  will  pass  through  the  vertical 
meridian  V V of  the  cornea  and  lens,  and  will  be  focused  at  some 
point,  A.  Rays  passing  through  the  horizontal  meridian  H H will 
be  focused  further  bacK  at  some  point,  B.  Rays  passing  through 
the  various  oblique  meridians,  as  0 0,  will  be  focused  at  some  point 
between  A and  B.  The  space  from  A to  B is  called  the  focal  interval. 
In  the  given  case  we  will  suppose  this  to  measure  2 mm. 
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If  now,  the  retina  is  at  I,  1 mm.  in  front  of  A,  all  the  meridians 
of  the  eye  will  be  hyperopic,  and  the  horizontal  meridian  most  so.  In 
fact,  the  vertical  meridian  will  be  hyperopic  3 D.,  because,  so  far 
as  this  meridian  is  concerned,  the  eye  is  1 mm.  too  short,  while  the 
horizontal  meridian  will  be  hyperopic  9 D.,  because  so  far  as  it  is 
concerned  the  eye  is  3 mm.  too  short.  The  difference  in  refraction 
between  the  two  meridians — i.  e .,  the  astigmatism — is  therefore  6 D., 
or  the  eye  has  a hyperopia  of  3 D.  combined  with  an  astigmatism  of  6 D. 

If  now,  the  retina  recedes  to  II,  rays  passing  through  the  vertical 
meridian  have  come  to  a focus,  and,  so  far  as  this  meridian  is  concerned, 

Fig.  52. 
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The  absolute  refraction  in  astigmatism,  c f diflfhsion  images.  A,  focus  of  rays  passing 

through  vertical  meridian  VV.  B,  focus  of  i passing  through  horizontal  meridian  H H.  A B, 
focal  interval.  I,  compound  hyperopic  o<*u?iuatism  ; II,  simple  hyperopic  astigmatism ; III,  mixed 
astigmatism;  IV,  simple  myopic  as': ~n. ati im ; V,  compound  myopic  astigmatism.  E,  Ft  O,  J , K. 
forms  of  diffusion  images  at  I,  II,  I U,  IV,  y,  respectively. 

the  eye  is  emmetropic.  In  fact,  if  by  using  a vertical  slit  we  shut 
off  all  rays  but  these,  the  eye  would  be  adjusted  accurately  for  dis- 
tance; but  for  vt,ys  passing  through  all  other  meridians  the  eye  is 
hyperopic,  and.  in  fact,  for  the  horizontal  meridian  is  hyperopic 
6 D.  We  have,  therefore,  still  a difference  between  the  meridians, 
or  an  astigmatism,  of  6 D.,  although  now  one  meridian  is  emmetropic. 
This  condition  is  called  simple  hyperopic  astigmatism,  while  the 
condition  obtaining  while  the  retina  is  at  I is  called  compound  hyper- 
opu;  astigmatism.  It  is  evident  that  the  compound  differs  from  the 
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simple  astigmatism  merely  in  adding  the  same  amount  of  hyperopia 
(in  this  case  3 D.)  to  all  meridians  alike. 

Suppose,  now,  the  retina  recedes  to  III  two-thirds  of  a millimetre 
back  of  A.  In  the  vertical  meridian  the  eye  will  now  be  myopic  2 D., 
because  the  rays  passing  through  this  meridian  will  come  to  a focus 
two-thirds  of  a millimetre  in  front  of  the  retina.  In  the  horizontal 
meridian,  however,  the  eye  will  be  hyperopic  4 D.,  since  the  retina 
lies  one  and  one-third  millimetres  in  front  of  B.  The  difference  in 
refraction  between  the  horizontal  and  vertical  meridians,  namely, 
the  astigmatism,  is  still  6 D.  It  is  evident  that  the  only  change 
produced  in  passing  from  II  to  III  is  to  make  all  the  meridians  of  the 
eye  alike  more  refractive  by  2 D.  The  vertical  meridian  which  was 
emmetropic  and  those  meridians  adjoining  which  were  hyperopic 
less  than  2 D.  have  now  become  myopic.  Two  oblique  meridians,  such 
as  0 0 and  P P on  either  side  of  V V,  which  were  hyperopic  2 D., 
have  become  emmetropic,  and  all  other  meridians  remain  hyperopic. 
Such  a condition,  in  which  some  meridians  are  hyperopic  and  some 
myopic,  is  called  mixed  astigmatism. 

If  the  retina  recedes  to  IV,  the  horizontal  meridian  is  now  emme- 
tropic, while  the  other  meridians  are  myopic,  and  the  vertical  meridian 
is  myopic  6 D.  The  astigmatism  is  still  6 D.  Such  an  astigmatism 
is  called  simple  myopic  astigmatism.  It  is  evidently  evolved  from 
the  simple  hyperopic  astigmatism  indicated  at  II,  by  rendering  all 
meridians  alike  6 D.  more  refractive. 

Finally,  when  the  retina  is  at  V,  one  millimetre  behind  B , all  the 
meridians  will  be  myopic,  the  vertical  one  9 D.,  and  the  horizontal 
3 D.  The  astigmatism  will  still  be  6 D.  This  condition  is  known 
as  compound  myopic  astigmatism. 

We  see,  then,  that  a man  starting  with  a certain  amount  of  hyper- 
opic astigmatism  may  by  gradually  elongating  his  eye,  or  by  equally 
increasing  its  refractive  power,  acquire  all  varieties  of  astigmatism 
in  succession,  but  will  leave  the  amount  of  astigmatism  unchanged . And, 
as  a matter  of  fact,  this  conversion  of  one  variety  of  astigmatism 
into  another  takes  place  very  frequently  either  t.irough  gradual 
lengthening  of  the  eye  during  the  growing  perk  d,  ( r through  uniform 
increase  of  the  refractive  power  produced  by  accommodation.  It 
may  also  be  brought  about  by  an  artificial  mcrease  or  decrease  of 
the  refraction  produced  by  glasses. 

Vision  in  Astigmatism.  Diffusior  'images.  Irregular  astigmatism 
makes  objects  look  distorted , just  t,s  unperfectly  made  window  glass 
does.  If  the  astigmatism  is  high,  the  distortion  is  extreme,  and  even 
very  low  degrees  of  astigmatism,  especially  when  present  in  the  crys- 
talline lens,  produce  considerable  deformity  of  minute  objects.  In 
fact,  the  reason  why  stars  look  like  stars  instead  of  like  infinitesimal 
points  of  light,  as  the}  should  do,  is  because  of  this  irregular  astig- 
matism of  the  lens  due  to  the  star-like  deposition  of  its  fibrilke. 

In  regular  astigmatism  the  amount  of  distortion  and  blurring 
produced  depends  upon  the  diffusion  images.  Inspection  of  Fig.  52 
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will  show  that  at  I the  diffusion  image  of  a point  will  be  a horizontal 
ellipse,  E ; at  II  a horizontal  line,  F;  at  III  a horizontal  oval,  G 
(which  as  the  retina  recedes  will  be  converted  first  into  a circle,  then 
into  a vertical  oval);  at  IV  a vertical  line,  J ; and  at  V a vertical 
oval,  K. 

At  II  the  image  of  a point  is  a fine  horizontal  line,  and  the  image 
of  a horizontal  line,  which  is  nothing  but  a series  of  points  strung 
along  horizontally,  will  be  a series  of  faint  horizontal  lines.  These 
by  successive  overlapping  will  reinforce  each  other  and  form  a broad, 
distinct  horizontal  line  a little  thickened  and  hazy  at  its  ends.  (Fig.  53.) 
On  the  other  hand,  a vertical  line,  being  composed  of  a row  of  points, 
one  above  the  other,  will  form  an  image  made  up  of  a set  of  faint 
horizontal  lines  one  above  the  other,  and  will  thus  form  a dim,  hazy, 
more  or  less  broadened  band.  Hence  it  is  seen  that,  although  the 


Fig.  53. 


D 


E 


Images  of  a line  formed  in  astigmatism.  A,  a vertical  line  consi&tinj  of  a vertical  row  of  points ; 
B,  its  image  when,  as  in  Fig.  52,  II,  the  vertical  meridian  of  tuz  eye  is  emmetropic  ; C,  its  image 
when,  as  in  Fig.  52,  IV,  the  horizontal  meridian  of  the  eyo  is  emmetropic.  D,  a horizontal  line 
consisting  of  a row  of  points  side  by  side ; E,  its  image  wl  eu  the  vertical  meridian  of  the  eye  is 
emmetropic;  Ft  its  image  when  the  horizontal  meridian  oi  the  eye  is  emmetropic. 


vertical  meridian  is  emmetropic,  the  image  of  the  vertical  line  is 
very  indistinct  and  the  imag°  oi  a horizontal  line  is  quite  sharp. 
All  objects  will  appear  drawn  out  into  horizontal  lines. 

At  IV  all  objects  will  appear  drawn  out  into  vertical  lines,  and 
consequently,  although  it  is  now  the  horizontal  meridian  that  is 
emmetropic,  the  horizontal  lines  are  seen  most  indistinctly  and  ver- 
tical lines  most  clearly. 

In  other  wovdc  in  simple  astigmatism,  myopic  or  hyperopic,  those 
lines  are  seen  most  distinctly  which  run  at  right  angles  to  the  emmetropic 
meridian. 

It  will  also  be  readily  seen  that  when  the  retina  is  at  II  a square 
would  look  like  an  oblong  drawn  out  laterally,  with  the  tops  distinct 
and  the  sides  blurred;  a circle  like  a horizontal  oval,  etc.  If  the 
retina  were  at  IV,  the  reverse  effect  would  be  produced.  In  fact,  as 
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the  astigmatism  changes  from  hyperopic  to  mixed,  and  then  to  myopic, 
the  character  of  the  distortion  will  change,  so  that  sometimes  one 
and  sometimes  another  set  of  lines  will  appear  distinct,  and  objects 
will  seem  to  be  drawn  out  now  in  one,  now  in  another  direction. 

Besides  these  distortions  of  shape,  astigmatism  produces  monocular 
diplopia,  objects  seeming  to  have  close  to  them  a faint  shadow  of 
themselves.  The  position  of  this  double  image  will  vary  according 
to  the  direction  of  the  principal  meridians. 

Accommodation  and  Astigmatism.  As  we  have  noted,  accommoda- 
tion frequently  alters  the  character  of  the  astigmatism,  changing 
it  from  hyperopic  to  mixed,  and  then  to  myopic,  to  suit  the  needs 
of  the  patient’s  vision,  but  it  rarely  changes  its  amount,  at  least 


Fig.  54. 


A convex  cylinder.  E F,  axis  of  cylinder.  Rays  1 1 passing  through  he  c.,  Under  in  the  plane 
of  this  axis  go  on  without  undergoing  refraction.  Rays  K K striking  the  blinder  in  a plane  per- 
pendicular to  the  axis  are  converged  to  M. 

materially.  We  do,  however,  find  in  a certain  number  of  cases  that 
the  astigmatism  is  greater  under  atropine  than  without  it,  leading 
us  to  suppose  that  the  accommodation  had  concealed  a certain 
amount  of  it.  And  occasionally  the  astigmatism  becomes  less,  and 
even  disappears  when  atropine  is  instilled,  from  which  we  should  infer 
the  astigmatism  to  be  a spurioas  one,  produced  by  unequal  accom- 
modative effort. 

Correction  of  Astigmatism.  Astigmatism  may  then  in  part,  but 
only  to  a very  slight  exteid,  be  corrected  by  accommodation.  More 
often  accommodation,  vhile  leaving  the  amount  of  astigmatism 
unchanged,  affects  tne  vision  favorably  by  adjusting  the  eyes  for 
different  sets  of  hr  es.  An  eye,  for  instance,  which  is  in  the  condition 
denoted  by  Pig.  *c>2,  II,  will  see  horizontal  lines  distinctly.  But  in 
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reading  and  many  other  visual  acts  it  is  important  to  see  vertical 
lines  distinctly.  This  the  patient  may  do  by  exerting  his  accommo- 
dation so  that  his  condition  is  changed  to  that  of  IV.  He  will  then  see 
vertical  lines  distinctly,  and,  if  it  is  also  important  to  see  horizontal 
lines  distinctly,  he  may  do  this  by  narrowing  the  fissure  of  the  lids 
a little  so  that  he  may  look  through  a horizontal  chink. 

We  may  also  correct  astigmatism  by  means  of  cylinders. 

Cylindrical  glasses  are  either  convex  (positive)  or  concave  (nega- 
tive). The  convex  cylindrical  glass  shown  in  Fig.  54  is  a slice, 
A B C D,  taken  from  a cylinder.  The  line  E F , parallel  to  the  axis 
of  the  original  cylinder,  is  called  the  axis  of  the  glass.  Rays  such 
as  II  entering  the  cylinder  along  its  axis  E F , pass  through  it  in 
the  plane  E F G H,  and  will  undergo  no  refraction,  because  the  lines 
they  encounter  are  not  curved  but  straight.  Rays,  on  the  other  hand, 
is  K K , entering  the  cylinder  in  the  plane  perpendicular  to  its  axis, 
will  be  refracted  just  as  in  a spherical  lens, 
for  they,  will  strike  a line,  L L , whose  curva- 
ture is  a circle,  and  they  will  therefore  come 
to  a focus  at  a point,  M,  behind  the  glass. 
Rays  passing  through  the  glass  obliquely  to 
the  axis  will  also  be  refracted,  but  not  so  much 
as  K /v,  because  they  strike  a line  which  is 
less  curved  than  L L,  and  they  will  hence  be 
focused  at  a point  behind  M.  The  more 
inclined  the  rays  are  to  the  axis  E F,  the 
more  they  will  be  refracted. 

Hence  a convex  cylinder  is  a glass  which 
along  its  axis  produces  no  refraction,  that  is, 
acts  like  a plane  glass.  At  right  angles  to 
its  axis  it  produces  its  maximum  effect,  and 
in  intermediate  meridians  produces  an  effect 
which  increases  with  the  inclination  of  the  meridian  to  the  axis. 

A concave  cylindrical  glass,  A B C 1)  E F (Fig.  55),  represents 
the  cast  of  a convex  cylinder.  Its  axis  would  be  I H.  It  behaves 
precisely  like  a convex  cylinder,  e^ept  that  it  acts  like  a negative 
(dispersing)  instead  of  a positive  (converging)  lens. 

In  naming  cylinders,  it  is  recessary  to  give  their  sign,  strength, 
and  direction  of  their  axes,  l'lieir  strength  is  that  of  their  meridian 
of  greatest  refraction  (4-  or — ),  that  is,  the  meridian  at  right  angles 
to  their  axis.  The  direction  of  the  axis  is  denoted  in  a number  of 
ways,  of  which  three  are  indicated  in  Figs.  56,  57  58.  Whatever 
method  is  used,  u is  always  best  to  have  on  prescription  blanks  a 
diagram  like  one  of  the  above,  arid  to  indicate  by  a stroke  on  the 
diagram  the  precise  direction  of  the  axis.  This  acts  as  a useful 
check  and  guards  against  mistake  as  to  the  intent  of  the  pre- 
scribe^ 

A glass  which  is  compounded  of  a spherical  glass  and  a cylinder 
is  called  a sphero-cy  Under. 


Fig.  55. 
B 
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In  testing  refraction,  it  is  important  to  be  able  to  add  and  subtract 
cylinders  with  facility.  How  this  is  done  is  shown  best  diagram- 
matically.  A +2  cylinder  axis  90°,  for  instance,  is  denoted  by 


0 


+2 


— +2 


0 


in  which  the  glass  is  supposed  to  be  seen  face  on.  The  vertical 
meridian  (axis)  is  0 D.,  the  horizontal  meridian  has  the  effect  of 


Fig.  50. 


Ordinary  or  parallel  method  of  indicating  the  axis  of  cylinders  or  the  direction  of  prisms. 
In  each  eye  the  position  of  the  axis  of  the  cylinder  is  denoted  by  the  angle  it  makes  with  the  hori- 
zontal, this  angle  being. always  measured  from  the  right-hand  side  of  the  observer  (left-hand  side  of 
the  patient).  The  numbering  thus  runs  through  0°  to  180°,  starting  at  the  nasal  side  in  the  right  eye 
and  at  the  temporal  side  in  the  left.  The  horizontal  is  always  denoted  by  180°  ; vertical  is  90°. 


Fig.  57. 


Bisymmetrical  method  of  indicating  the  axis  of  cylinders.  In  each  e^~  *h ' position  of  the  axis 
of  the  cylinder  is  denoted  by  the  angle  it  makes  with  the  vertical  .id  an  V (=  o°),  either  on  the 
nasal  or  on  the  temporal  side,  and  is  written  as  follows : 5n  «=  5°  l , 5t=  5°  t,  etc.,  down  to  H = 90° 
(horizontal). 


Fig.  58. 


Symmetrical  method  of  indicate  g the  axis  of  cylinders.  In  each  eye  the  position  of  the  axis  of 
the  cylinder  is  denoted  by  the  an  rle  .*  makes  with  the  horizontal,  the  angle  always  being  measured 
from  the  nasal  to  the  tempora1  s>  le.  The  numbering  thus  runs  from  0°  to  180°,  from  right  to  left  in 
one  eye,  and  from  left  to  ’ g.  f-  'A  the  other.  Horizontal  is  denoted  by  180°,  vertical  by  90°.  The 
numbering  for  the  right  eye  is  'vhe  same  in  the  symmetrical  and  the  parallel  methods  (Fig.  56),  while 
for  the  left  eye  the  : u .'be  s run  just  opposite. 
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a +2  D.  sph.,  and  the  intervening  meridians  have  effects  ranging 
from  0 D.  to  +2.  A — 2 D.  cylinder  180°  would  be  denoted  by 


and  a +2  sph.  by 


d-2 


+2- 


"+2 


H“2 


Using  these  diagrams  and  noting  the  results  obtained  by  super- 
imposing one  such  diagram  upon  another,  it  is  easy  to  prove  graphi- 
cally the  following  propositions: 

1.  A cylinder  and  a spherical  glass  of  the  same  strength  and  of 
•opposite  signs  added  together  make  a cylinder  of  the  same  strength 
as  the  original  cylinder,  but  of  opposite  sign  and  with  its  axis  at 
right  angles  to  it.  Thus  +1.00  sph.  3 — 1-00  cyl.  90°  = +1.00 
cyl.  180°;  —2.00  sph.  C +2.00  cyl.  70°  = —2.00  cyl.  160°. 

2.  Two  cylinders  of  the  same  sign  and  same  axis  added  together 
make  a cylinder  equal  to  the  sum  of  the  two.  Thus  + 2.00  cyl.  90° 

+ 3.00  cyl.  90°  = +5.00  cyl.  90°;  —1.00  cyl.  20°  C —2.00  evl.  20°  = 
—3.00  cyl.  20°. 

3.  + and  — cylinders  of  the  same  axis  added  together  make  a 
cylinder  equal  to  the  difference  between  the  two  an  i having  the  sign 
of  the  stronger  cylinder.  Thus  +2.00  cyl.  75°  3 —1.00  cyl.  75°  = 
+ 1.00  cyl.  75°;  +2.00  cyl.  60°  C —4.00  cyl.  60°  = —2.00  cyl.  60°; 
+ 3.00  cyl.  90°  C —3.00  cyl.  90°  = 0. 

4.  Cylinders  of  the  same  sign  and  of  equal  Strength  crossed  at  right 
angles  make  a spherical  glass  of  the  same  strength.  Thus  +2.00  cyl. 
90°  C +2.00  cyl.  180°  = +2.00  sph.;  -1.00  cyl.  50°  C —1-00  cyl. 
140°  = — 1.00  sph. 

5.  Conversely,  any  spherical  glass  may  be  represented  as  equiv- 
alent to  two  cylinders  of  the  same  strength  and  same  sign  crossed 
at  right  angles. 

6.  Any  two  cylinders,  a and  b,  of  the  same  sign,  when  crossed  at 
right  angles  make  a spherical  glass  equal  in  strength  to  the  weaker 
cylinder  a combined  with  a cylinder  equal  in  strength  to  the  differ- 
ence between  a and  b,  and  having  the  same  axis  as  the  stronger  cyl- 
inder b.  Thus  -,  2.00  cyl.  90°  3 +3.00  cyl.  180°  = +2.00  sph.  3 
+ 1.00  cyl.  180°. 

7.  A + cylinder  of  strength  a crossed  at  right  angles  upon  a — 
cylinder  of  strength  b makes  a glass  which  may  be  represented  also 
by  a + spherical  of  strength  a combined  with  a — cylinder  of  strength 
(a  and  having  the  axis  of  b;  or  else  by  a — spherical  of  strength 
h combined  with  a + cylinder  of  strength  (a  + b)  and  having  the 
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axis  of  a.  Thus  +2.00  cyl.  90°  C —3-00  cyl.  180°  = +2.00  sph.  C 
—5.00  cyl.  180°  or  = —3.00  sph.  C +5.00  cyl.  90°. 

The  above  propositions  show  that  when  to  a + cylinder  we  add 
a + cylinder  in  the  same  axis  or  a — cylinder  at  right  angles,  we 
add  just  so  much  to  the  cylindrical  effect ; and  when  we  add  to  it  a 
— cylinder  in  the  same  axis  or  a + cylinder  at  right  angles,  we 
subtract  just  so  much  from  the  cylindrical  effect. 

The  student  of  refraction  should  work  out  these  propositions  by 
means  of  the  diagrams  above  indicated,  and  by  the  same  means 
should  solve  all  kinds  of  problems  connected  with  cylindrical  com- 
binations until  he  can  do  such  problems  at  once  without  stopping 
to  think  or  calculate.  Until  he  can  do  this,  lie  will  be  considerably 
handicapped  in  all  phases  of  his  refraction  work,  and  will  scarcely  be 
able  to  do  it  with  either  rapidity  or  precision. 

Occasionally  prescriptions  are  seen  in  which  two  cylinders  are  or- 
dered at  oblique  angles  to  each  other.  Such  a combination  can  always 
be  represented  by  one  cylinder  combined  with  a spherical  glass.  To 
compute  the  strength  of  the  axis  of  the  cylinder  and  the  strength 
of  the  spherical  glass  in  these  cases  requires  a trigonometrical  calcu- 
lation. It  is  only  when  cylinders  are  combined  with  their  axes  either 
together  or  at  right  angles  that  the  equivalent  glass  (sphero-cylinder, 
cylinder,  or  sphere)  can  be  found  by  the  above  simple  rules. 

A spherical  lens  may  be  made  to  have  the  effect  of  a cylinder  by 
tilting  it  either  sideways  or  up  and  down. 

Application  of  Cylinders  to  Correct  Astigmatism.  It  is  evident 
by  referring  to  Fig.  52,  that  we  may  change  condition  I into  conditio  i 
II  by  correcting  the  3 D.  of  hyperopia  with  a +3  D.  spherical  glass. 
This  will  render  the  vertical  meridian  emmetropic,  and  will  reduce 
the  hyperopia  of  the  horizontal  meridian  from  9 D.  to  6 D.  So  also 
we  may  alter  condition  V into  condition  IV  by  means  of  a — 3 D. 
spherical  glass,  which  will  diminish  the  refraction  of  all  the  meridians 
by  that  amount,  and  will  make  the  horizontal  meridi  in  emmetropic 
and  the  vertical  meridian  myopic  6 D.  Lastly,  we  may  change  con- 
dition III  into  condition  II  by  adding  a —2  Th,  and  into  condition 
IV  by  adding  a +4  D.  spherical  glass.  Tlun  ai.y  form  of  astigma- 
tism may  be  converted  into  simple  hyperopic  oi  simple  myopic  astig- 
matism by  means  of  a spherical  glass.  It  remains,  then,  to  consider 
how  we  may  correct  simple  astigmatism. 

To  correct  the  simple  hyperopic  astigmatism  shown  in  Fig.  52  at 
II,  we  should  use  a +6  D.  cyl.  rx  90°.  This  will  place  the  inactive 
axis  of  the  cylinder  opposite  the  emmetropic  vertical  meridian  of  the 
eye.  Opposite  the  horizontal  meridian,  which  is  hyperopic  6 D.,  we 
place  that  portion  of  ou^  glass  which  acts  like  a +6  sph.  Opposite 
the  other  meridians  of  the  which  gradually  decrease  in  refractive 
power  from  emmetropia  to  a hyperopia  of  6 D.,  we  place  a glass 
which  gradually  increases  in  refractive  power  from  0 to  +6  D. 
Each  meridian,  therefore,  in  turn  has  its  deficiency  in  refractive  power 
'Corrected,  and  thus  is  made  emmetropic. 
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So,  also,  to  correct  the  condition  shown  in  IV,  we  should  use  a 
— 6 cyl.,  ax.  180°.  This  would  correct  the  myopia  of  the  vertical 
and  of  each  succeeding  meridian,  and  leave  the  horizontal  meridian 
emmetropic. 

A little  consideration  will  show  that  to  correct  any  case  of  regular 
astigmatism  we  may  proceed  in  either  one  of  two  ways.  Either  we 
may  place  before  the  eye  a convex  cylinder  of  a strength  equal  to  the 
amount  of  astigmatism,  with  its  axis  in  the  meridian  of  greatest 
refraction,  and  then  combine  this  with  a spherical  glass  that  will 
correct  the  refraction  of  that  meridian;  or  we  may  use  a concave 
cylinder  of  the  same  strength,  with  its  axis  in  the  meridian  of  least 
refraction,  and  add  a spherical  glass  that  will  correct  the  refraction 
of  this  meridian.  Thus  condition  I may  be  corrected  either  by  +3 
sph.  C +6  cyl.,  ax.  90°,  or  +9  sph.  3 — 6 cyl.  ax.  180° — i.  e.,  we  may 
regard  condition  I as  being  condition  II,  in  which  the  retina  has 
been  brought  forward  1 mm.,  or  in  which  all  of  the  meridians  of  the 
eye  have  alike  been  made  3 D.  more  hyperopic;  or  we  may  regard  it 
as  condition  IV,  in  which  the  retina  has  been  advanced  3 mm.,  so 
that  all  meridians  alike  have  been  made  more  hyperopic  by.  9 D. 
So  condition  II  may  be  corrected  either  by  +G  cyl.,  ax.  90°,  or  by 
+ 6 sph.  ^ — 6 cyl.,  ax.  180°;  condition  III,  either  by  — 2 sph.  3 
+ 6 cyl.  90°  or  by  +4  sph.  3 — 6 cyl.  180°;  condition  IV,  by  — 8 
cyl.  180°  or  by  — 6 sph.  3 +6  cyl.  90°;  and  condition  V,  by  — 3 
sph.  3 —6  cyl.  180°  or  by  — 9 cyl.  3+6  cyl.  90°. 

In  general,  when  possible,  we  prefer  to  combine  a -+-  spherical 
with  a + cylinder  or  a — sphere  with  a — cylinder  rather  than 
combine  spheres  and  cylinders  of  opposite  signs. 

Some  prefer  to  correct  a case  of  mixed  astigmatism  by  crossed 
cylinders,  prescribing,  for  instance,  in  case  III,  -)-4  cyl.  90°  3 —2  cyl. 
180°.  There  is  no  special  advantage  in  this  prescription  over  the 
equivalent  prescription,  +4  sph.  3 —6  c>l.  180°,  or  —2  sph.  3 
+ 6 cyl.  90°,  and  the  latter  usually  are  ordered. 

Anisometropia.  Anisometropia  is  a condition  in  which  one  eye 
differs  in  its  refraction  from  its  fellow.  Slight  degrees  of  it  are 
not  uncommon,  but  high  degrees  are  rare.  In  some  cases  the 
difference  may  be  ascribed  to  pathological  influences  which  have 
affected  differently  the  two  eyes,  but  more  often  no  cause  can  be 
ascertained. 

The  more  ametropic  eve  often  has  very  poor  sight,  and  frequently 
squints,  divergent  strabismus  being  particularly  common.  Apart 
from  true  squint,  hyperphoria  and  other  anomalies  are  more  frequent 
in  anisometropic  than  in  other  eyes. 


SYMPTOMS  of  refractive  errors. 

Varieties  of  Symptoms  Common  to  all  Errors.  The  main  direct 
symptoms  that  refractive  errors  produce  are  impairment  of  sight  and 
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asthenopia.  By  asthenopia  is  meant  a sense  of  fatigue  and  discomfort 
in  the  eyes,  produced  by  use.  There  may  be  fatigue  alone  ( asthenopia 
simplex),  or  the  fatigue  may  be  accompanied  by  pain  in  the  eyes 
(asthenopia  dolens),  pain  in  the  head  ( asthenopia  cephalalgica) , or 
conjunctival  irritation  manifested  by  lacrymation  and  congestion 
(, asthenopia  irritans).  This  last  may  lead  to  actual  conjunctivitis 
and  blepharitis. 

A peculiar  form  of  asthenopia  ( panorama  asthenopia)  is  that  in  which 
a sense  of  vertigo,  confusion,  and  uncertainty  is  induced  by  looking 
at  moving,  and  especially  at  brilliantly  illuminated  objects.  Persons 
affected  with  this  symptom  often  suffer  considerable  distress  from 
shopping  in  a crowded  store,  or  walking  in  a crowded  street,  or  from 
watching  processions,  ball  matches,  or  plays. 

Asthenopia  may  often  be  relieved  by  ceasing  to  use  the  eyes,  pro- 
vided this  is  done  as  soon  as  the  symptoms  manifest  themselves  ; but 
in  many  cases  it  persists  for  hours,  or  even  until  the  following  day. 
In  some  cases,  again,  asthenopic  symptoms  do  not  appear  until  the 
following  day. 

The  causes  of  asthenopia  from  refractive  errors  are  partly  undue 
accommodative  effort  ( accommodative  asthenopia) ; partly  the  pressure 
on  the  eye  and  the  congestion  of  the  lids  produced  when  the  latter  are 
squeezed  together  in  order  to  narrow  the  palpebral  fissure,  and  thus 
enable  the  patient  to  see  more  distinctly  ( tarsal  asthenopia) ; partly 
a strain  imposed  upon  the  external  muscles  of  the  eye  (muscular 
asthenopia);  and  partly  over-sensitiveness  of  the  retina  (retinal 
asthenopia).  It  is  enhanced  by  anything  (bright  lighting,  etc.)  tha t 
makes  unusual  demands  upon  the  eyes. 

It  should  be  noted  that  asthenopia  is  by  no  means  always  due  <o 
refractive  errors.  It  is  often  due  to  muscular  anomalies,  particularly 
convergence-insufficiency  and  hyperphoria,  and,  in  not  a few  mstances, 
to  nasal  affections,  such  as  pressure  in  the  region  of  the  middle  tur- 
binates. Some  of  the  most  severe  and  obstinate  cases  I have  seen  have 
been  due  to  this  latter  cause.  Such  cases  are  apt  to  be  associated 
with  marked  eyeache  and  occipital  pain.  Again,  asthenopia  is  often 
due  to  neurasthenia  and  other  conditions  m irkea  by  enfeeblement 
of  the  nervous  system. 

Besides  the  headache,  eyeache,  etc.,  th°t,  as  noted  above,  may 
accompany  asthenopia,  or  may  also  occur  independently  of  it  in  con- 
nection with  refractive  errors,  we  find  occasionally  other  symptoms, 
such  as  nausea,  interference  with  nutrition,  various  parasthesia,  etc. 
That  graver  reflex  manifestations  (epilepsy,  chorea)  ever  are  caused 
by  refractive  errors,  is  doubtful,  although  there  is  no  question  as 
to  the  propriety  of  correcting  such  errors  in  persons  afflicted  with 
these  neuroses,  and  thus  "elieving  them  of  at  least  one  source  of 
strain. 

Symptoms  in  Myopia.  Turning  now  to  the  individual  refractive 
errors,  we  find  that  b<  myopia,  when  not  of  inordinate  amount,  the 
main  symptom  is  the  impairment  of  vision  for  distance,  which  is  greater 
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in  proportion  to  the  degree  of  nearsight.  The  sight  for  near,  on  the 
other  hand,  is  very  distinct,  objects  appearing  not  only  clearer  cut, 
but  also  magnified,  so  that  the  patients  are  able  to  do  very  fine  work 
(sewing,  embroidery).  At  the  same  time,  objects  are  held  very  close; 
and  if  binocular  vision  is  maintained,  the  excessive  convergence  effort 
may  produce  asthenopia.  The  blurring  in  distant  vision  usually 
causes  no  discomtort  in  ordinary  myopia,  but  in  low  myopia,  where 
the  blurring  is  slight  and  the  patient  makes  constant  fruitless  efforts  to 
see  distinctly,  a disagreeable  asthenopia  may  develop,  which  is  re- 
lieved by  a concave  glass. 

In  high  myopia,  particularly  when  there  is  advanced  sclero-choroi- 
ditis  posterior,  there  may  be  aching  pain  in  the  back  of  the  eyeball 
and  symptoms  of  retinal  irritation , such  as  flashes  of  light,  asthenopia 
from  hyperaesthesia  of  the  retina,  etc. 

In  myopia  muscce  volitantes  are  frequent.  This  may  be  no  more 
than  a normal  phenomenon,  which  is  accentuated  here  simply  because 
the  myope  sees  in  a sort  of  haze  or  cloud  upon  which  he  readily  pro- 
jects the  floating  black  specks.  In  high  myopia  the  floating  bodies  are 
larger,  and  are  evidences  of  liquefaction  of  the  vitreous  itself  due 
to  disease  of  the  fundus. 

Symptoms  in  Hyperopia.  In  hyperopia  of  moderate  degree  the 
sight  is  good  for  distance  and  near;  and  if  the  accommodation  is 
effective,  is  performed  without  strain,  and  hence  without  asthenopia. 
When  the  accommodative  power  is  low  as  compared  to  the  amount  of 
hyperopia,  asthenopia  develops  for  near  work,  and  later  (or  distance 
also.  In  high  degrees  of  hyperopia  the  sight  begins  to  1°  blurred  for 
near,  and,  as  accommodation  diminishes,  for  distance  too.  At  first 
the  blur  itself  is  momentary  only,  the  sight  clearing  up  as  soon 
as  the  patient  rests  the  eyes;  but  later  on,  the  interference  with 
sight  becomes  more  and  more  constant.  1 1 very  high  hyperopia  the 
patient  never  sees  distinctly  either  for  distance  or  near. 

As  soon  as  the  vision  becomes  indistinct  the  asthenopic  symptoms 
generally  cease,  because  the  patient  no  longer  tries  to  accommodate. 

Headaches , eyeaches , etc.,  are  not  very  common  in  hyperopia 
uncomplicated  by  astigmatism. 

Symptoms  in  Astigmatism.  In  astigmatism  the  sight  is  blurred 
by  the  characteristic  diffusion  images.  There  is  more  or  less  distortion 
of  objects  looked  at,  and  Lhe  *e  may  be  monocular  diplopia . Moreover 
if  the  patient  be  using  his  accommodation  to  adjust  his  vision  for 
different  lines  in  succession,  he  will  see  first  upright,  then  horizontal 
lines  distinctly.  Th:a  produces  in  him  the  effect  of  an  apparent  move- 
ment of  objects  so  that  wheel-like  figures  appear  to  revolve  and  check 
patterns  to  dance.  The  result  is  often  a sensation  of  vertigo  and  nausea. 
For  the  same  reason  panorama  asthenopia  is  common  in  astigmatism. 
Ordinary  asthenopia  combined  with  headache  and  eyeache  is  frequent, 
particularly  when  the  eyes  are  used  for  near  work,  like  reading  or 
sewing,  which  requires  accurate  definition  of  the  outlines  of  objects. 
L igw  astigmatism,  conjunctival  irritation  and  blepharitis  are  not  in- 
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frequent.  These  are  doubtless  due  to  the  frequently  repeated  strong 
contraction  of  the  lids  made  in  order  to  narrow  the  palpebral  aperture 
and  thus  enhance  the  clearness  of  sight.  This  contraction  leads  to  a 
more  or  less  permanent  venous  congestion. 


GENERAL  REMARKS  ON  METHODS  OF  EXAMINING 
FOR  REFRACTIVE  ERRORS. 

Varieties  of  Tests.  Routine  of  Examination.  We  have  various 
means  for  examining  the  eye  for  refractive  errors.  In  some  of  the 
tests  used,  such  as  the  tests  of  visual  acuity,  trial  case  tests,  and  astig- 
matic charts,  we  are  dependent  upon  the  patient’s  statements  of 
what  he  sees.  They  are  hence  called  subjective  tests.  In  others,  such 
as  those  made  with  the  ophthalmometer,  the  ophthalmoscope,  anti, 
skiascopy,  we  are  independent  of  the  patient’s  statements.  These 
are  the  objective  tests. 

Usually  both  subjective  and  objective  tests  should  be  combined 
in  making  an  examination.  Sometimes  the  subjective  tests  are  inap- 
plicable, as  in  children  and  illiterates;  but  whenever  they  can  be 
applied,  they  should,  in  general,  constitute  our  court  of  last  resort,  and 
the  evidence  derived  from  them  should  outweigh  that  of  the  objective 
methods.  In  other  words,  the  correcting-glass  determined  on  is  that 
which  gives  the  patient  the  best  vision,  and  not  that  which  is  appar- 
ently shown  by  the  ophthalmoscope  and  shadow  test. 

Practitioners  differ  a great  deal  in  their  estimates  of  the  relative 
value  of  the  tests  and  the  way  in  which  they  should  be  applied  in 
practice.  It  probably  makes  little  difference  what  routine  we  adopt, 
provided  it  be  systematically  pursued  and  contains  a sufficient  number 
of  tests  to  act  as  checks  upon  each  other,  and  thus  ensure  oc'tainty 
of  result.  I shall  give  briefly  my  own  routine,  premising  that  i do  not 
regard  it  as  essentially  superior  to  any  other  that  may  be  adopted. 

After  taking  the  history  and  getting  at  the  symptoms  I make  an 
external  and  an  internal  examination  of  the  eye,  usiug  in  succession 
oblique  illumination,  direct  illumination  by  transmitted  light  with  the 
ophthalmoscope  at  ten  inches,  examination  with  the  ophthalmoscope 
by  the  indirect  method,  and  lastly  examinanon  with  the  ophthalmo- 
scope by  the  direct  method.  From  this  I gather,  whether  the  eye  is 
healthy  or  not,  the  probable  amount  of  vision,  the  presence  of  opaci- 
ties or  other  defects  interfering  with  sight,  and  approximately  the 
state  of  the  refraction.  For  the  'after  purpose  I often  add  an  offhand 
estimate  with  the  shadow  test. 

Those  who  use  the  ophthalmometer  should  here  make  an  examina- 
tion with  this  instrument, i n<  thus  determine  the  amount  of  corneal, 
astigmatism.  The  same  thing  may  be  roughly  done  with  the  Placido 
disk. 

I then  take  the  patient’s  vision,  and  begin  the  test  with  the  trial 
case,  proceeding  in  the  way  hereafter  described  to  determine  rapidly 
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the  glass  that  corrects  the  manifest  error.  I at  the  same  time  test 
the  patient’s  vision  for  near,  and  find  the  glass  that  suits  him  for 
reading.  If,  as  in  most  instances,  I wish  to  use  a cycloplegic,  I then 
instil  homatropine,  and,  immediately,  before  the  drug  has  time  to 
act,  make  the  muscle  tests.  Later,  when  the  cycloplegic  action  of  the 
homatropine  is  complete,  or  nearly  so,  I determine  the  refraction  with 
skiascopy.  Then  I confirm  or  modify  this  result  with  the  trial  case, 
and  finally  check  off  these  last  results  again  by  skiascopy. 

In  certain  cases,  as  in  children  and  in  very  nervous  people,  it  saves 
time  and  is  less  tiresome  to  the  patient  to  cut  the  subjective  examina- 
tion short,  and  to  proceed  at  once  to  the  objective  examination  with 
the  shadow  test,  making  this  as  carefully  as  possible.  Using  the  cor- 
rection thus  found  as  a basis,  I again  make  the  test  with  the  trial  case, 
and  now  generally  find  that  there  is  very  little  left  to  do  in  order  to 
arrive  at  the  final  result,  so  that  now  I do  not  have  to  tax  the  patient’s 
attention  unduly  nor  make  much  demand  upon  his  patience  or 
judgment. 

The  Use  of  Cycloplegics.  As  we  have  seen,  the  myope  may  invol- 
untarily exaggerate  his  myopia,  and  the  hyperope  wholly  or  partly 
conceal  his  hyperopia  by  using  his  accommodation.  Patients  whom 
we  examine  for  glasses  are  so  apt  to  do  this  that,  if  we  wish  to  find 
out  the  precise  refractive  state  of  the  eye,  it  often  becomes  necessary 
to  abolish  the  accommodative  effort  altogether.  This  we  do  with  a 
cycloplegic.  The  one  ordinarily  used  is  homatropine,  a 2 per  cent, 
solution  of  which  instilled  every  five  or  ten  minutes  foi  five  times 
produces  in  general  complete  paralysis  of  the  accommodation  in  from 
an  hour  to  an  hour  and  a half  from  the  time  of  the  first  instillation. 
The  effect  soon  begins  to  wear  off,  and  disappears  entirely  in  from 
twenty-four  to  thirty-six  hours.  In  instilling  the  homatropine  it  is 
best,  as  Jackson  suggests,  to  have  the  patient  throw  the  head  back  and 
look  down,  so  that  we  may  drop  the  solution  directly  on  the  upper  part 
of  the  cornea.  The  eye  in  which  the  instillation  is  made  should  be 
held  open  until  the  patient  voluntarily  opens  the  other  eye.  This 
prevents  his  squeezing  the  drop  out  of  his  eye. 

Homatropine  is  an  irritant  producing  a moderate  congestion  of  the 
eye,  which,  however,  is  transitory,  and  has  no  ill  effects  whatever. 

Sometimes  scopolamine  in  fi.l  per  cent,  solution  is  used,  but  in  my 
experience  it  has  no  advantage  over  homatropine. 

In  cases  where  we  wish  to  produce  a very  thorough  and  lasting 
effect — i.  e.,  in  spasm  of  accommodation — atropine  may  be  used  in 
1 per  cent.,  or  in  particularly  obstinate  cases  1.5  per  cent,  solution. 
This  is  instilled  night  and  morning  for  one  or  two  days  before  the  ex- 
amination. The  patient  should  be  examined  three  hours  after  the  last 
instillation.  The  paralysis  of  the  accommodation  in  these  cases  lasts 
fully  a week. 

With  the  cycloplegic  near  vision  for  the  hypermetrope  and 
emm^irope  is  rendered  impossible.  Cycloplegics,  besides  abolishing 
accommodation,  dilate  the  pupil.  They  hence  render  the  vision 
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in  ametropia  worse,  not  only  by  preventing  accommodative  effort, 
but  also  by  increasing  the  size  of  the  diffusion  images;  and 
it  is  generally  found  that  even  with  correction  the  vision  under  a 
cycloplegic  is  not  so  keen  as  with  the  pupil  contracted.  Moreover, 
the  dilatation  of  the  pupil,  by  letting  in  an  excess  of  light,  produces  a 
troublesome  dazzling.  To  obviate  this,  the  patient  may  be  directed 
to  wear  smoked  glasses  as  long  as  the  pupils  remain  dilated,  this 
being  especially  necessary  if  he  is  exposed  to  bright  sunlight. 

The  patient  in  whom  atropine  or  homatropine  has  been  instilled 
should  be  warned  not  to  try  to  use  his  eyes  for  near  work  until  the 
effect  of  the  drug  has  completely  worn  off.  Otherwise,  by  using  his 
accommodation  when  still  in  a weakened  state,  he  may  strain  the 
eye,  and  may  even  cause  a condition  of  ciliary  spasm.  Hence  a 
patient  should  not  use  his  eyes  for  steady  reading  for  thirty-six 
or,  better  still,  forty-eight  hours  after  the  last  instillation,  if  homatro- 
pine has  been  used;  and  not  for  eight  or,  still  better,  ten  days  if 
atropine  has  been  used. 

Hyperopes,  who  are  so  greatly  dependent  upon  accommodation, 
are  obviously  very  much  affected  by  cycloplegics,  their  sight  being 
rendered  bad  for  distance  and  near.  Myopes,  on  the  other  hand,  for 
whom  accommodation  plays  but  little  part  in  seeing,  suffer  but 
slight  inconvenience. 

Observers  differ  a good  deal  as  to  the  necessity  of  using  cycloplegics 
in  determining  refraction.  In  New  York  they  are  not  so  often  em- 
ployed as  elsewhere,  and  many  practitioners  believe  that  they  can  de- 
termine refraction  accurately  without  their  aid.  I do  not  share  in  this 
belief.  I have  seen  a number  of  cases  in  which  the  refraction  could  i ot 
have  been  determined  otherwise,  and  in  which  a serious  error  in  the 
prescription  would  have  resulted  if  no  cycloplegic  had  been  employed. 

My  experience,  in  fact,  leads  me  to  use  a cyclopegic  in  all  cases 
where  I can  when  the  patient  is  under  forty-five  years,  and  in  some 
cases  when  he  is  between  forty-five  and  fifty.  It  has  been  my  experi- 
ence that  during  the  period  from  forty  to  forty-five  a cycloplegic  is 
especially  important,  as  at  this  time  patients  are  jar'ieularly  apt  to 
exert  their  accommodation  excessively  and  hole  on  to  it  tenaciously. 
In  these  middle-aged  patients  I,  of  course,  take  ^are  to  exclude  any 
suspicion  of  glaucoma,  in  which  the  instillation  of  a mydriatic  would 
be  disastrous.  In  my  experience,  homati  opine  properly  applied  is, 
in  the  vast  majority  of  cases,  fully  as  efficient  and  reliable  as 
atropine.  I find,  too,  that  children  yield  readily  to  homatropine — 
quite  as  readily,  indeed,  as  adulic. 

Every  now  and  then  we  fail  to  gel  complete  relaxation  from  the  use 
of  a cycloplegic.  This  is  shown  by  the  fact  that  the  patient  will 
take  sometimes  one  glass,  sometimes  another,  and  that  with  the  same 
glass  his  vision  varies,  sc  chat,  as  he  says,  “the  letters  come  and  go,” 
as  he  looks  at  the  test  card.  Furthermore,  the  result  of  the  objective 
examination  with  si'.iaocopy  or  the  ophthalmoscope  will  not  agree 
with  the  glass  found  by  the  trial  case. 
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When  this  happens,  we  give  the  cycloplegic  more  time  to  act,  and  in 
the  meantime  instil  it  several  times  again  at  short  intervals.  If  this 
fails,  we  should  use  atropine  in  1 to  1.5  per  cent,  solution  several  times 
daily  for  a series  of  days.  But  it  is  very  rarely,  indeed,  that  resort 
must  be  had  to  this  expedient. 

Keratometry.  Placido  Disk  Determination  of  Corneal  Curvature  in 
Astigmatism  by  Keratometry.  The  cornea  acts  like  a convex  mirror, 
and  will  hence  give  a small,  erect  reflection  of  an  object,  such  as  a disk, 
placed  in  front  of  it.  The  more  convex  the  cornea,  the  smaller  this 
reflection  is.  What  is  true  of  the  cornea  as  a whole,  is  true  of  each 
separate  meridian  of  it.  If,  then,  all  the  corneal  meridians  are  equally 
convex,  the  reflection  of  a circular  disk  will  also  be  circular;  but  if 
some  meridians  are  more  convex  than  others — that  is,  there  is  corneal 
astigmatism — the  reflection  will  be  oval,  and  the  small  diameter  of 
the  oval  will  lie  in  the  meridian  of  greatest  curvature  or  greatest 
refraction. 

This  principle  is  utilized  in  the  application  of  the  Placido  disk. 
This  is  a white  disk  bearing  a series  of  concentric  black  rings  painted 
on  it.  (Fig.  2.)  The  observer,  holding  this  before  the  patient’s  eye, 
and  looking  through  the  hole  in  the  centre,  sees  the  reflection  of  the  disk 
in  the  cornea.  If  the  reflection  is  circular,  there  is  no  corneal  astig- 
matism ; if  it  is  oval,  there  is  regular  corneal  astigmatism,  the  meridian 
of  greatest  curvature  being  in  the  short  axis  of  the  oval.  If  there 
is  irregular  corneal  astigmatism,  the  reflection  will  be  irregularly  dis- 
torted, or  will  change  its  shape  abruptly  when  shifted  from  one  part 
of  the  cornea  to  the  other. 

Since  the  corneal  reflection  of  the  Placido  disk  glows  smaller  as 
the  curvature  of  the  cornea  becomes  greater,  and  e,so  becomes  more 
oval  as  the  corneal  astigmatism  increases,  v'e  may,  by  measuring 
this  reflection  accurately  in  its  different  diameters,  calculate  both  the 
actual  curvature  of  the  cornea  in  all  its  meridians  and.  the  precise 
amount  of  its  astigmatism.  Both  determinations  are  much  more 
rapidly  made  with  the  ophthalmometer,  which  in  principle  is  a spe- 
cially modified  Placido  disk. 

Ophthalmometer.  The  ordinary  type  of  ophthalmometer  is  that 
devised  by  Javal  and  Schiotz  (Fig.  59.) 

The  ophthalmometer  (Fig.  59)  consists  of  a telescope,  A,  containing 
a double-refracting  prism,  a graduated  disk,  B,  having  a hole  in  its 
centre  through  which  the  telescope  passes  ; and  an  arc,  C,  bearing 
two  slides  or  mires,  D and  E.  The  arc  C is  attached  to  the  tele- 
scope, which  is  so  mounted  as  to  turn  freely  in  the  central  hole  of  the 
disk  B,  and  as  :t  turns  carries  C around  with  it.  The  hole  is  highly 
illuminated,  usually  by  artificial  light.  The  patient  steadies  his  head 
on  the  chin-rest  F,  and  looks  into  the  large  end  of  the  telescope; 
the  observer,  observing  at  the  patient’s  eye  through  the  other  end  of 
the  telescope,  will  see  the  cornea,  and  upon  it  the  reflection  of  the 
disk  and  slides,  but  because  of  the  double-refracting  prism  in  the 
telescope  will  see  two  images  of  each  slide.  The  two  central  images 
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of  D and  E,  which  are  close  together,  alone  are  observed,  the  two 
outer  ones  being  neglected.  Each  of  these  images  is  bisected  by  a 
dark  line,  and  the  telescope  is  revolved  until  the  dark  line  of  one  image 
is  approximately  continuous  with  the  dark  line  of  the  other.  The 
line  connecting  the  slides  is  then  in  one  of  the  principal  meridians 
of  the  cornea,  that  is,  either  the  meridian  of  greatest  or  the  meridian 
of  least  curvature.  The  mires  are  now  slid  to  and  fro  along  the  arc 

Fig.  59. 


Javal-Schiotz’s  opMi.  aimometer. 

C,  until  the  images  of  D and  E just  touch.  The  telescope  is  then 
revolved  through  90°,  when  line  connecting  the  slides  will  be  in 
the  other  principal  meridian  of  the  cornea.  If  the  images  D and  E 
now  overlap  or  are  sepamted,  there  is  a corneal  astigmatism  of  an 
amount  proportional  to  xneir  distance  apart. 

In  the  model  of  oputhalmometer  shown  in  Fig.  59,  the  amount  of 
overlapping  of  the  hnages  is  measured  directly.  D is  a parallelogram. 
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and  E is  a figure  with  a series  of  notches  or  steps.  The  instrument 
is  so  graduated  that  the  number  of  steps  by  which  E overlaps  D 
represents  the  number  of  dioptres  of  corneal  astigmatism. 

In  another  model,  when  overlapping  is  present  after  the  telescope 
has  been  rotated  into  the  second  position,  the  slides  are  separated 
until  they  just  touch  again.  The  amount  by  which  the  slides  have 
been  moved  to  accomplish  this  is  read  off  on  a scale  behind  the 
disk. 

In  both  varieties  of  the  ophthalmometer  the  radius  of  curvature  of 
the  cornea  in  any  meridian  can  be  determined.  In  the  first  model 
it  is  read  off  from  the  arc  C,  being  shown  by  the  distance  between 
the  slides  when  they  are  separated  so  far  that  their  images  on  the 
cornea  are  just  in  contact.  In  the  second  form  of  ophthalmometer 
the  radius  of  curvature  of  the  meridian  examined  may  be  read  off  on 
a scale  behind  the  disk.  In  both  forms  of  ophthalmometer  the  index 
shows  the  situation  of  the  meridian  whose  curvature  is  being  meas- 
ured, and  in  the  case  of  the  principal  meridians  it  indicates  the 
axis  of  the  correcting  cylinder,  which  must  lie  in  either  one  meridian 
or  the  other. 

The  ophthalmometer  does  not  show  what  kind  of  astigmatism — 
hyperopic,  myopic,  or  mixed— is  present.  That  is,  it  does  not  show 
what  is  the  absolute  refraction  of  the  principal  meridians,  but  only 
which  of  the  two  is  the  more  refractive,  and  the  difference  in  refraction 
between  them. 

Moreover,  the  ophthalmometer  indicates  simply  the  corneal  astig- 
matism and  its  axis.  It  does  not  reveal  either  the  amount  or  the 
direction  of  the  total  astigmatism,  except  in  apKkia,  where,  the 
influence  of  the  lens  being  removed,  all  the  astigmatism  is  corneal.  In 
any  other  case  the  result  is  only  an  approximation,  although  often  a 
close  approximation  to  the  true  findings. 


OPHTHALMOSCOPY  AS  APPLIED  TO  THE  DETERMINATION 

OF  REFRACTION. 

Direction  of  the  Emergent  Puys  when  the  Fundus  is  Illuminated. 

When  we  throw  light  into  .lit  eye  with  an  ophthalmoscopic  mirror, 
and  thus  illuminate  the  various  points  of  the  fundus,  these  points 
themselves  send  out  rays  that  diverge  in  every  direction.  On  their 
way  out  these  ravs  encounter  the  lens  and  cornea,  which  alter 
their  course  to  a greater  or  less  degree,  according  to  the  refractive 
power  of  the  eye 

The  eye  being  but  a combination  of  lenses,  the  actual  course  taken 
by  these  emergent  rays  will  be  determined  by  the  law  that  governs 
the  directioi  of  rays  passing  through  lenses.  This  law,  called  the 
law  of  conjugate  foci,  may  be  thus  stated : If  a lens  has  such  a strength 
that  rays  emanating  from  a point  R,  are  brought  together  at  a point 
'v , then  rays  that  emanate  from  the  point  N and  travel  back  through 
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the  lens  will  be  brought  together  at  R,  and  will  form  there  a real  inverted 
image  of  N.  (Fig.  49.) 

If  the  lens  is  of  such  a strength  as  to  focus  parallel  rays  at  N (Fig. 
43),  then  rays  emanating  from  N will,  after  passing  back  through  the 
lens,  emerge  'parallel. 

If  the  lens  is  of  such  a strength  as  to  focus  at  N rays  D C,  that 
are  converging  to  the  point  R (Fig.  50),  the  rays  emanating  from  N 
will,  after  passing  back  through  the  lens,  diverge  as  if  they  came  from 
R,  and  will  form  at  R an  erect,  virtual  image  of  N. 

To  apply  these  principles  to  the  eye,  we  may  say  that  in  emme- 
tropia  the  rays  that  emanate  from  the  illuminated  fundus  will  emerge 
from  the  eye  parallel  to  each  other;  in  hyperopia  they  will  diverge 
from  the  far  point  lying  back  of  the  eye;  and  in  myopia  they  will 
converge  toward  the  far  point  lying  in  front  of  the  eye;  and  in  either 
case  will  form  at  the  far  point  an  image  of  the  portion  of  the  fundus 
that  is  illuminated. 

The  behavior  of  emergent  rays  is  the  same,  whether  the  eye  is 
naturally  emmetropic,  hyperopic,  or  myopic,  or  whether  it  is  made 
so  by  the  addition  of  a convex  or  concave  glass  placed  before  the 
eye. 

Determination  of  Refraction  by  Direct  Illumination.  If,  when  we 
stand  off  fifteen  inches  from  the  eye  and  then  throw  light  into  it,  we 
see  a clearly  defined  image  of  the  optic  disk  and  vessels,  we  know 
that  this  is  the  image  formed  by  the  eye  itself  at  its  far  point,  as 
shown  in  the  preceding  paragraphs,  and  that  this  image  must  be 
either  between  us  and  the  eye  (myopia  of  6 to  7 D.  at  least)  or  behinc 
the  eye  and  close  to  it  (hyperopia  of  1 D.  or  more). 

If,  as  we  look  into  the  eye,  we  move  our  head,  this  image  of  the 
fundus  will  move  in  the  opposite  direction  in  myopia  and  in  the 
same  direction  in  hyperopia.  This  is  because  we  refer  the  rrovement 
to  the  plane  of  the  pupil  which  lies  behind  the  image  in  myopia  and 
in  front  of  it  in  hyperopia.  It  is  the  same  experience  that  we  get 
in  a railroad  train  when,  looking  out  of  the  window,  we  see  objects  in 
the  foreground  apparently  running  backward  and  objects  in  the  far 
distance  running  forward. 

Determination  of  Refraction  by  the  Indirect  Method.  In  using 
the  indirect  method,  we  should  hold  the  object  lens  with  its  principal 
focus  at  the  anterior  focus  of  the  eye,  that  is,  about  half  an  inch 
in  front  of  the  cornea.  Hence  a two-and-one-half-inch  lens  should 
be  held  three  inches  from  the  eye.  When  we  do  this,  the  size  of 
the  object  seen  in  the  fundus  is  no*  altered  by  the  presence  of  axial 
hyperopia  or  myopia,  and  the  distortion  produced  by  astigmatism 
is  relatively  slight,  so  tha+  tl  e optic  disk,  for  instance,  appears 
normally  round. 

If,  however,  we  carry  the  lens  closer  to  the  eye,  then  the  apparent 
size  of  the  disk  diminishes  in  myopia  and  increases  in  hyperopia, 
while  in  emmetropic  u remains  the  same.  If  we  carry  the  glass  away 
from  the  eye,  the  ”e  .erse  change  takes  place,  the  optic  disk  becoming 
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apparently  smaller  in  hyperopia  and  larger  in  myopia,  while  in  emme- 
tropia,  as  before,  it  remains  unchanged.  In  marked  hyperopia  and 
myopia  these  changes  take  place  quite  rapidly. 

The  most  striking  effect  of  these  alterations  is  seen  in  astigmatism. 
If  we  examine  a patient  with  hyperopic  or  myopic  astigmatism  with 
the  rule,  the  optic  disk  will  look  like  a horizontal  oval  when  our 
glass  is  close  to  the  eye,  round  when  we  carry  the  glass  back  to  the 
standard  position,  and  a vertical  oval  if  we  withdraw  the  glass  still 
farther.  In  astigmatism  against  the  rule,  the  disk  will  be  a vertical 
oval  when  the  glass  is  close,  and  becomes  a horizontal  oval  when  the 
glass  is  withdrawn.  In  marked  astigmatism  these  changes  are  very 
pronounced. 

Determination  of  Refraction  by  the  Direct  Method.  As  we  have 
seen,  if  we  illuminate  the  fundus  of  an  emmetropic  eye,  rays  will 
emerge  from  it  parallel  to  one  another.  If  we  ourselves  are  emme- 
tropic, or  make  ourselves  so  with  the  proper  glass,  and  relax  our 
accommodation  completely,  we  may,  without  additional  aid,  focus 


Fig.  60. 


Determination  of  refraction  by  the  direct  method.  Rays  emanating  from  the  patient’s  retina,  Nt 
pass  through  his  lens  and  cornea  (C),  and  if  the  eye  is  emmetropic,  or  has  been  made  so  by  glasses, 
emerge  parallel  to  one  another.  The  observer’s  eye  receives  taest  parallel  rays,  and,  if  he  himself 
is  emmetropic  and  not  using  his  accommodation,  will  focus  thtm  upon  his  retina,  N'.  C\  observer’s 
cornea  and  lens.  0,  ophthalmoscopic  mirror  perforated  to  » llow  the  light  to  pass  through. 

these  parallel  emerging  rays  upon  the  retina,  and  will  get  a sharp 
image  of  the  patient's  fundus.  (Fig  <30. ) We  will,  in  other  words, 
using  the  ophthalmoscope,  get  a distinct  image  of  the  fundus  if  we 
look  through  the  sight-hole  simply. 

If  the  patient  is  ametropic,  we  have  now  simpty  to  bring  before 
the  sight-hole  of  the  ophthalmoscope  that  lens  which  will  correct  his 
ametropia,  and  thus  render  him  emmetropic.  We  shall  thus,  as 
before,  see  the  fundus  distinctly.  We  thus  arrive  at  this  rule:  the 
glass  which  we  have  to  place  before  the  ophthalmoscope  in  order  to  see 
the  patient's  fundus  distinctly  is  the  glass  that  corrects  his  ametropia. 
Thus  if  we  have  to  place  a +4  D.,  he  has  a hyperopia  of  4 D.;  if 
we  have  to  use  a — 3 D.,  he  is  myopic  3 D.,  etc. 

In  dot  ermming  refraction  by  this  method,  we  usually  fix  upon  one 
of  th»v  fine  vessels,  preferably  near  the  macula,  or  at  least  running 
from  the  temporal  side  of  the  disk,  and  ascertain  the  glass  with  which 
we  can  see  it  most  distinctly.  A more  satisfactory  test  object  still 
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is  the  fine  granular  markings  of  the  fundus  in  the  vicinity  of  the 
yellow  spot. 

In  astigmatism  we  obviously  cannot  render  the  patient  emmetropic 
by  putting  up  any  of  the  spherical  glasses  contained  in  the  ophthal- 
moscope, consequently  we  cannot  obtain  a perfectly  distinct  view  of 
the  fundus.  The  most  we  can  do  is  to  render  one  of  his  principal 
meridians  emmetropic.  Suppose  that  he  has  astigmatism  of  4 D. 
with  the  rule,  and  that  his  vertical  meridian  is  hyperopic  1 D.  As 
soon  as  we  put  up  a +1  D.  with  the  ophthalmoscope  his  vertical 
meridian  will  be  emmetropic.  With  such  a glass  he  would  see  hori- 
zontal lines  distinctly.  As  he  sees  out  of  his  eye  so  we  see  into  it, 
getting  the  same  kind  of  view  of  his  fundus  that  he  gets  of  the  outside 
world.  Hence  with  this  +1  D.  we  shall  see  the  horizontal  vessels 
of  the  retina  sharply,  but  the  vertical  vessels  will  be  confused.  If  now 
we  correct  the  other  meridian  by  putting  up  a +5  D.,  we  shall  get 
the  reverse  effect,  seeing  the  vertical  vessels  most  distinctly  and  the 
horizontal  ones  very  hazily. 

This  example  shows  us  how  we  arrive  at  the  rule  that  in  astigma- 
tism the  glass  that  gives  us  a clear  view  of  the  vessels  running  in  the 
direction  of  one  of  the  principal  meridians  measures  the  refraction  of 
the  meridian  at  right  angles,  that  is,  of  the  other  principal  meridian. 

The  disk  seen  by  the  direct  method  will  appear  lengthened  in  the 
direction  of  the  most  refracting  meridian. 

To  take  another  illustration : suppose  that  by  putting  up  a +1  D. 
we  notice  the  disk  is  elongated  in  the  meridian  of  80°  and  that  we 
see  the  vessels  in  that  meridian  most  sharply.  With  a —2  D.  we 
see  most  sharply  the  vessels  in  the  meridian  of  170°.  The  refraction 
of  the  80°  meridian  is  —2  D.,  and  of  the  170°  meridian  is  +1  D., 
and  the  correcting  glass  is  +1  sph.  O — 3 cyl.,  ax.  170°. 

The  conditions  for  the  successful  determination  of  refraction  by  the 
direct  method  are  as  follows: 

1.  Our  own  refractive  errors  should  be  corrected  by  the  proper 
glass  and  our  accommodation  completely  relaxed.  The  ability  to  do 
this  varies  in  different  people,  and  I believe  from  v.'nat  I have  seen 
of  the  discrepant  results  obtained  by  different  ophthalmologists,  that 
their  accommodation  is  seldom  as  completely  under  control  as  they 
believe  it  to  be. 

2.  The  patient’s  accommodation  should  be  completely  relaxed.  It 
is  generally  supposed  that  he  will  relax  perfectly  if  examined  in  a 
dark  room  without  anything  to  fix  upon.  This  is  by  no  means 
always  the  case. 

3.  The  ophthalmoscope  cortaii.ing  the  correcting  glass  should  be 
held  at  the  anterior  focus  of  he  patient’s  eye;  this  is  a half  inch 
in  front  of  his  cornea. 

4.  In  the  case  of  astigmatism  we  should  be  able  to  find  vessels 
running  in  the  direction  of  both  principal  meridians. 

It  is  difficult  to  ’ulfil  all  these  conditions  with  precision,  and  even 
with  the  aid  of  a cycloplegic  which  eliminates  the  error  due  to  the 
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patient's  accommodation,  the  findings  should  be  characterized  as 
approximate  only. 

The  direct  method  is  much  used  in  estimating  the  relative  refrac- 
tion, and  hence  the  relative  depth  and  prominence  of  the  different 
portions  of  the  fundus.  Thus  if  we  see  the  bottom  of  an  excavation 
in  the  disk  with  a —4  D.  and  the  edge  with  a +2D,  we  know  that 
the  depth  is  approximately  2 mm.,  corresponding  to  this  difference 
of  6 D.  So  also  an  exudate  or  a detachment  which  we  see  distinctly 
with  a +4  D.,  while  the  surrounding  fundus  requires  only  a +1  D. 
to  make  it  visible,  is  1 mm.  high,  corresponding  to  the  difference  of 


SKIASCOPY,  OR  THE  SHADOW  TEST. 

Principle  of  the  Test  with  the  Concave  Mirror.  If  we  stand  off 
at  1 m.  from  the  patient  and  throw  light  into  his  eye  with  a con- 
cave mirror— for  instance,  the  mirror  of  the  ophthalmoscope— we  shall 
see  a light-red  reflex  filling  the  pupil.  Then,  if  we  turn  the  mirror 
slightly  the  light  will  gradually  leave  the  pupil,  and  darkness  will 
succeed  it,  until  the  pupil  becomes  entirely  black.  The  direction  in 
which  the  light  moves  in  passing  from  the  pupil  depends  upon  where 
the  far  point  of  the  eye  is.  If  the  far  point  is  between  the  observer 
and  the  patient,  the  light  will  move  off  the  pupil  to  the  right  when 
the  mirror  is  turned  to  the  right,  and  vice  versa;  that  is  the  light 
will  move  with  the  mirror.  If  the  far  point  is  not  between  the 
patient  and  the  observer,  that  is,  is  either  back  of  the  head  of  the 
observer  or  of  the  head  of  the  patient,  the  light  will  move  against 
the  mirror,  or  to  the  left  when  we  turn  the  mirror  to  the  right. 

Instead  of  watching  the  movement  of  the  light,  it  is  usual  to  watch 
the  movement  of  the  dark  area  or  shadow  w hich  follows  it  and  moves 
with  it,  hence  the  term  skiascopy,  or  shadow  test,  applied  to  this 
method  of  observation. 

If  then,  standing  at  1 m.  we  see  the  shadow  move  with  the 
mirror,  we  know  that  the  patient  s far  point  is  between  us  and  him, 
and  lies  within  1 m.  of  the  eye  fie  must  then  be  myopic  more 
than  ID.  If  we  slowly  approach  him  until  we  reach  a point  when 
the  shadow  begins  to  move  against  the  mirror,  we  know  that  at  this 
distance  we  have  just  passed  his  far  point,  so  that  it  is  now  just 
back  of  our  head.  The  point  at  which  this  change  of  movement 
from  with  to  against  occurs  is  called  the  point  of  reversal.  It  ob- 
viously coincides  with  the  patient’s  far  point. 

Instead  of  thus  moving  up  to  the  patient  to  ascertain  his  point  of 
reversal  or  fur  point  directly,  we  usually  stand  at  one  distance,  gener- 
ally 1 m.,  and,  by  putting  glasses  on  the  eye  we  are  examining,  change 
its  refraction  until  the  same  reversal  takes  place.  When  this  has 
been  effected,  w'e  have  put  his  far  point  just  back  of  us,  that  is,  just 
beyond  1 m.  \\  ith  the  next  weakest  glass  we  should  have  put  his 
far  point  just  at  1 m.  and  made  him  myopic  1 D.  To  make  him 
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emmetropic,  we  should  now  give  him  — 1 D.  in  addition,  since  any 
myope  of  ID.  will  be  made  an  emmetrope  by  a concave  glass  of 
this  strength. 

If  standing  at  1 m.  we  get  a movement  of  the  shadow  against  the 
mirror,  we  know  that  the  patient’s  far  point  is  between  us  and  him, 
that  is,  he  is  not  myopic  1 D.  or  more.  He  may  be  hyperopic,  emme- 
tropic, or  myopic  less  than  1 D.  To  determine  his  refraction  and  its 
precise  character,  we  now  add  convex  glasses,  thereby  increasing  his 
refractive  power,  until  we  finally  get  a movement  with  the  mirror. 
We  have  then  just  brought  his  far  point  down  to  within  1 m.  and 
have  made  him  myopic  ID.  As  before,  we  make  him  emmetropic 
by  giving  him  — 1 D.  in  addition,  or  by  subtracting  1 D.  from  the 
convex  glass  previously  put  on. 

The  actual  practice  of  conducting  the  shadow  test  may  be  stated 
as  follows: 

We  stand  slightly  more  than  1 m.  from  the  patient.  If,  using 
a concave  mirror,  we  get  a movement  of  the  shadow  with  the  mirror, 
we  add  concave  glasses  until  the  movement  just  goes  against.  The 
last  glass  (highest  concave)  with  which  the  shadow  still  moves  with 
the  mirror  is  the  reversing  glass. 

If  the  shadow  movement  is  against  the  mirror  to  start  with,  we 
add  convex  glasses  until  it  just  begins  to  go  with  the  mirror.  The 
first  glass  (lowest  convex)  with  which  the  shadow  moves  with  the 
mirror  is  the  reversing  glass. 

Add  a — 1 D.  to  the  reversing  glass,  and  the  sum  will  be  the 
correcting  glass  required. 

Thus,  if  we  get  a movement  with  the  mirror,  and  if  by  adding  a 
— 2 D.  we  get  a movement  against,  while  a — 1.75  D.  still  gives  a 
movement  with,  we  know  that  the  patient  is  myopic  — 1.75  + 

( — 1)  or  — 2.75  D.  If,  in  another  case,  we  get  a movement  against, 
which  finally  is  converted  into  a movement  with  the  mirror,  by 
a +3  D.,  the  patient’s  true  correction  is  +3  + ( — J)  or  +2  D. 
So  also  a movement  against  that  would  be  just  reversed  with  a 
+ 1 D.  would  indicate  emmetropia  ( + 1 D.  + ( — I D.)  = 0);  and 
one  reversed  with  a +0.25  D.  would  indicate  a myopia  of  0.75  D. 
( + 0.25  —1  = —0.75). 

Application  of  the  Plane  Mirror.  Many  ise  a plane  mirror  instead 
of  a concave.  This  gives  a brighter  illumination  and  a better  marked 
movement  of  the  shadow,  but,  as  I have  repeatedly  found,  from  the 
very  largeness  of  the  movement,  the  plane  mirror  is  likely  to  give 
a confusing  result  in  determining  the  reversal  in  astigmatism,  and  I 
am  sure  that  I have  gotten  more  accurate  results  with  the  concave 
mirror  in  these  cases. 

With  a plane  mirror  the  motion  of  the  shadow  is  just  opposite 
that  obtained  with  a concave  mirror.  That  is,  when  the  far  point  is 
between  us  and  the  paliont  we  get  a movement  against  the  mirror, 
and  the  rules  above  given  should  simply  be  reversed,  the  word 
“ with”  being  substituted  for  “ against,”  and  vice  versa. 
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Distance  at  Which  Test  is  Made.  We  may  stand  at  any  distance 
in  making  the  shadow  test.  We  should  then  make  a proportionate 
addition  to  the  reversing  glass  in  order  to  obtain  the  proper  cor- 
rection. If,  for  instance,  we  stand  at  § m.,  the  glass  with  which  we 
obtain  reversal  at  that  distance  puts  the  patient’s  far  point  at  § m., 
that  is,  makes  him  myopic  1.50  D.  Hence  we  shall  have  to  add 
— 1.50  D.  to  the  reversing  glass  to  obtain  the  true  correction.  So, 
also,  if  we  stood  2 m.  we  should  have  to  make  an  addition  of  only 
— 0.50  D.  to  our  reversing  glass,  which  in  this  case  will  make  the 
patient  myopic  0.50  D.  In  the  majority  of  cases  a distance  of  1 m. 
is  most  practicable. 

Testing  the  Result.  To  prove  the  result,  we  put  the  reversing 
glass  before  the  eye,  and,  standing  at  1 m.  or  a few  inches  beyond, 
note  that  the  shadow  goes  with  the  mirror.  We  now  approach  a 
few  inches.  If  our  reversal  is  accurate,  the  shadow  should  now 
move  against  the  mirror. 

Character  of  the  Reflex.  If  the  ametropia  is  very  high,  the  reflex 
is  very  dull — in  fact,  we  scarcely  see  any  light  in  the  pupil.  In 
proportion  as  we  add  correcting  glasses  and  get  nearer  the  reversal, 
the  reflex  becomes  brighter,  becoming  very  brilliant  and  white  when 
the  reversal  is  reached.  Hence  when  we  see  a dull  reflex  not  attrib- 
utable to  opacities  of  the  media  we  add  strong  glasses  at  once  (several 
D.  at  least);  and  if  the  reflex  is  still  dull,  change  the  glass  for  one 
which  is  1 or  2 D.  stronger.  As  soon  as  the  reflex  becomes  bright  we 
make  slight  changes  (0.50  to  0.25  D.)  in  the  glasses  added 

The  Test  in  Astigmatism.  To  determine  astigmatism,  the  shadow 
test  is  made  as  follows:  We  put  on  glasses,  + or  — , until  the  move- 
ment in  one  meridian  is  reversed.  When  this  occurs  and  the  astig- 
matism is  of  any  amount,  the  luminous  reflex  ib  converted  into  a 
well-defined  band  of  light  running  precuel}  :n  the  direction  of 
the  meridian  that  we  have  corrected.  We  then  proceed  to  correct 
the  meridian  at  right  angles  to  this.  We  may  do  this  by  adding  more 
spherical  glasses  until  reversal  is  obtained  in  the  second  meridian 
also.  When  this  is  done,  the  band  of  light  will  be  seen  again;  but 
it  will  now  run  in  the  direction  of  the  second  meridian,  or  at  right 
angles  to  its  former  direction.  The  difference  between  the  reversing 
glasses  of  the  two  meridians  will  give  the  astigmatism,  and  the  direc- 
tion of  the  band  of  light  will  give  us  its  axis. 

Thus,  suppose  that  at  1 m.  we  get  a movement  against  in  all 
directions.  With  a + 2 D.  we  see  a band  of  light  running  at  75°. 
By  careful  addition  of  glasses  we  find  that  +2.25  D.  just  makes  the 
shadow  go  with  f ne  mirror  in  this  meridian.  In  every  other  direction 
the  movement  is  still  against.  Making  our  mirror  now  move  pre- 
cisely in  the  axis  of  165°,  we  find  that  when  we  put  on  a +4.50  D. 
the  band  oi  light  lies  in  this  axis,  and  when  we  put  on  a +5  D. 
the  suadow  just  begins  to  go  with  the  mirror.  The  reversing  glass  is 
then  2.25  D.  in  one  meridian,  and  +5  D.  in  the  other,  and  the 
astigmatism  is  the  difference  between  the  two,  or  +2.75  D.  Adding 
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—1  D.  for  the  distance  of  the  point  of  reversal,  we  have  as  the  true 
correcting  glasses,  +1.25  D.  and  +4  D.,  respectively,  and  the  total 
glass  correcting  the  error  would  be  +1.25  C +2.75  cyl.  ax.  75°. 

A more  accurate  way  to  correct  astigmatism  is,  after  we  have 
obtained  reversal  in  one  meridian,  to  leave  on  the  reversing  glass  and 
add  cylinders  with  their  axes  in  the  line  of  the  corrected  meridian. 
Thus  in  the  case  stated  we  should,  after  finding  that  +2.25  reversed 
in  the  meridian  of  75°,  leave  this  glass  on,  and  add  + cylinders  with 
their  axes  at  75°  until  reversal  was  obtained  in  the  meridian  of  165°. 
In  this  case,  if  our  correction  is  accurate,  we  should  get  an  even  rever- 
sal not  only  in  the  meridian  of  165°,  but  in  all  meridians  alike, . for 
our  glass,  if  correct,  abolishes  the  astigmatism  and  makes  the  patient 
simply  myopic  1 D. 

Our  estimate  of  astigmatism  by  the  shadow  test  will  be  faulty 
unless  we  move  the  mirror  strictly  in  one  of  the  principal  meridians. 
If  we  swerve  from  this  meridian,  the  shadow  will  make  an  oblique 
movement,  apparently  sliding  off  the  line  in  which  we  swing  the 
mirror.  Hence  if  we  do  get  an  oblique  movement,  we  should  change 
the  direction  in  which  we  move  the  mirror  until  we  get  it  going  right 
in  the  plane  in  which  the  shadow  tends  to  move.  In  other  words, 
we  should  so  manage  the  mirror  that  when  it  moves  the  shadow  will 
move  precisely  with  or  precisely  against  it,  and  not  slide  off  the 
path. 

This  same  tendency  of  the  shadow  to  make  an  oblique  or  skew 
movement  is  noticed  when  we  apply  cylinders  in  making  the  test, 
and  happen  to  have  placed  the  cylinders  somewhat  out  of  axis. 
When  this  occurs,  we  should  shift  the  axis  of  the  cylinder  until  the 
oblique  movement  ceases. 

In  irregular  astigmatism  we  get  all  sorts  of  irregular  moving  shadows, 
forming  kaleidoscopic  patterns  on  the  pupil.  Such  a picture  does 
not  necessarily  indicate  an  incorrigible  condition,  for  we  may  by 
patience  determine  a more  or  less  regularly  moving  shad  jw  in  addition, 
caused  by  a regular  astigmatism  which  is  susceptible  of  correction 
by  glasses. 

Central  and  Peripheral  Shadows.  In  meri  lianii  aberration,  when 
the  cornea  has  a different  refraction  in  its  centre  and  at  its  periphery, 
we  get  a double  shadow.  Thus,  with  the  periphery  emmetropic  and 
the  centre  hyperopic  0.75  D.,  we  will,  with  a +1  D.  before  the  eye, 
see  a shadow  start  from  the  top  of  the  pupil  and  move  down  as  we 
move  our  mirror  down.  At  the  saint  lime  we  will  notice  a fine  shadow 
start  from  some  point  in  the  lowcr  half  of  the  pupil  and  move  upward, 
deepening  as  it  proceeds. 

Not  until  we  have  put  on  a +1.75  D.  will  this  contrary  movement 
of  the  central  shadow  be  abolished,  so  that  we  get  a uniform  move- 
ment with  the  mirror  clear  across  the  pupil. 

In  pronounced  cases  of  this  sort  we  find  two  shadows  developing 
near  the  centre  ef  the  pupil  and  going  to  meet  each  other,  like  the 
blades  of  a pa+  of  scissors  (scissor  movement). 
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Usually  in  such  cases  the  true  refraction  is  that  shown  by  the 
more  interior  shadow,  and  not  by  the  peripheral  one.  Thus,  in  the 
case  just  cited,  the  correcting  glass  would  probably  be  +0.75  D., 
corresponding  to  the  hyperopia  of  the  more  central  area  of  the  pupil! 

Skiascopy  as  a Confirmatory  Test.  One  of  the  most  useful  appli- 
cations of  the  shadow  test  is  in  confirming  the  glass  found  by  sub- 
jective examination.  Suppose,  for  instance,  with  the  trial  case  we 
have  found  +1.50  D.  sph.  C +1-75  cyl.  ax.  90°;  we  add  to  this 
glass  +1  D.,  making  +2.50  D.  sph.  C +1.75  cyl.  ax.  90°.  By  so 
doing,  we  make  the  patient  myopic  1 D.  With  this  glass,  when  we 
use  a concave  mirror  and  stand  at  a little  beyond  1 m.  we  should 
get  a movement  with  the  mirror  in  all  meridians.  Then,  by  going 
a few  inches  nearer  the  patient,  we  should  get  a movement  against 
the  mirror  in  all  meridians.  If  this  reversal  does  not  take  place  for 
all  meridians  at  the  same  instant,  but  occurs  a few  inches  nearer  the 
patient  for  one  than  for  another,  the  astigmatism  is  not  properly  cor- 
rected, and  we  should  change  the  strength  of  the  cylinder  accordingly 
until  the  reversal  is  perfectly  even  for  all  meridians  alike.  If,  again, 
the  axis  of  the  cylinder  is  not  correct,  we  will  observe  that  the  shadow 
makes  a somewhat  oblique  movement,  which  is  corrected  when  we 
set  the  cylinder  at  the  proper  axis.  Finally,  if  the  spherical  glass 
is  not  correct,  e.  g.,  if  in  the  case  cited  it  were  +1.25  instead  of  +1.50, 
we  should  find  that  with  our  trial  glass  the  reversal  would  take  place 
rather  nearer  than  1 m. 

The  Use  of  Cycloplegics.  In  using  the  shadow  test  it  i.'  generally 
essential  that  the  accommodation  be  relaxed  with  a cycloplegic, 
although  in  many  cases  we  may  get  quite  an  accurate  determination 
without  this.  Made  with  a cycloplegic,  skiascopy  is  an  extremely 
accurate  test.  If  done  with  sufficient  care  Iht  refraction  may  be 
estimated  up  to  within  one-eighth  of  a dioptrt . 


SUBJECTIVE  TESTS  IN  GENERAL. 

Varieties  of  Subjective  Tests.  In  all  subjective  tests  of  refraction 
we  are  dependent  upon  the  information  furnished  by  the  patient 
himself  as  to  what  he  sees  A number  of  such  tests  have  been  devised, 
some  of  which  require  the  use  of  elaborate  apparatus,  called  optom- 
eters, refractometers,  etc.  None  of  them  has  superseded  the  use 
of  the  trial  case,  which  is  not  only  the  best  subjective  test,  but  which 
has  to  be  resorted  to  in  any  event,  whether  other  methods  are  used 
or  not. 

In  general  'i  may  be  said  that  these  other  subjective  tests  are  of 
little  service  or  else  are  superfluous. 

Direct  Determination  of  the  Far  Point  in  Myopia.  In  high 
myopia  we  may  form  a rough  idea  of  the  amount  of  the  error  by  de- 
termining the  farthest  distance  at  which  the  patient  sees  fine  print. 
Ii,  for  instance,  he  begins  to  read  it  at  3"  from  the  eye,  we  know 
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that  his  far  point  is  3",  or  that  his  myopia  is  13  D.  This  method, 
of  course,  is  of  very  limited  application,  and  gives  only  a rough 
approximation. 

Astigmatic  Clock-face.  The  astigmatic  clock-face  is  frequently 
used  as  a subjective  test.  The  clock-face,  or  fan,  consists  of  lines  or 
bundles  of  lines  radiating  from  the  centre  of  the  dial,  as  shown  in 
Fig.  61.  If  a man  having  hyperopic  astigmatism  with  the  rule 
looks  at  such  a dial  he  will  see  the  horizontal  lines  (those  running 
from  III  to  IX)  most  distinctly,  as  his  vertical  meridian  is  most  nearly 
emmetropic.  If  he  has  myopic  astigmatism  with  the  rule,  he  will  see 
the  vertical  lines  running  from  XII  to  VI  most  distinctly;  and  if  he 
has  oblique  astigmatism,  the  corresponding  oblique  meridian  or  the 
meridian  at  right  angles  to  it  will  be  clearest. 

These  differences  come  out  most  sharply  when  one  of  the  principal 
meridians  is  emmetropic  or  has  been  made  so  by  a glass.  Hence 
many,  in  order  to  determine  astigmatism,  proceed  as  follows:  They 


Fig.  61. 


Astigmatic  clock-face. 


Fig.  62. 


put  on  spherical  (preferably  convex)  glasses  until  oA?e  line  in  the 
clock-face  is  perfectly  sharp.  Suppose  this  to  be  the  vertical  line, 
and  that  the  spherical  glass  used  is  +2  D.  Then,  with  this  glass, 
the  horizontal  meridian  must  be  emmetropic.  Successive  cylinders 
are  now  added  with  their  axes  horizontal  until  the  clock-face  appears 
uniformly  sharp,  so  that  the  lines  are  perfectly  defined.  Suppose  it 
takes  a — 1.25  cyl.  180°  to  do  this.  The  combined  sphere  and  cylinder 
+ 2 sph.  3 — 1-25  cyl.  ax.  180°  o^  +0.75  sph.  3 +1-25  cyl.  ax.  90° 
should  then  be  the  correcting  gicst: 

If  this  method  is  adopted,  the  glass  found  should  always  be 
confirmed  by  a trial  made  with  the  test  types. 

Personally,  I have  found  that  patients  differ  so  much  in  their 
estimates  of  the  lines  iecn  most  distinctly  and  of  the  effect  upon 
the  distinctness  produced  by  adding  glasses,  that  I do  not  use  the 
clock-face  as  a prim?  rv  cest,  but  rather  use  it  at  the  end  of  the  exami- 
nation, to  confirm  tire  result  obtained  with  the  test  types,  and  see  if 
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the  glass  I have  found  with  the  latter  makes  the  clock-face  appear 
perfectly  uniform. 

A modification  of  the  clock-face  is  Pray' s astigmatic  letters , which 
are  block  letters  made  up  of  horizontal,  vertical,  and  various  oblique 
lines.  To  the  patient  with  astigmatism,  some  of  these  letters  look 
quite  black  and  some  gray,  according  to  the  axis  of  the  astigmatism. 

Testing  with  the  Trial  Case  and  Test  Cards.  By  far  the  best 
method  of  subjective  examination,  and  one  which  should  never  be 
neglected  when  it  can  be  used  at  all,  is  experimental  testing  with  the 
trial  case  and  test  types.  The  trial  case  contains  convex  and  con- 
cave spherical  glasses  from  0.25  D.  or  0.12  D.  to  20  D.,  and  cylindrical 
glasses  from  0.25  D.  to  6,  or  in  some  cases,  8 D.  It  is  always  best 
to  have  these  glasses  in  pairs. 

The  trial  case  contains  also  prisms,  a blinder  for  covering  one  eye 
when  the  other  is  being  examined,  red  and  other  colored  glasses, 
disks  containing  stenopeic  slits  or  perforations,  etc. 

The  trial  frame  for  holding  the  glasses  used  in  testing  should  be 
strong  and  steady.  It  has  two,  or,  in  some  frames,  three  cells  on 
each  side,  into  which  the  glasses  are  slipped.  In  a good  frame  these 
cells  may  be  readily  moved  in  and  out  from  the  nose,  forward  or  back, 
toward  the  eye,  and  up  or  down.  We  are  thus  enabled  to  centre 
accurately  the  glasses  placed  before  the  eyes;  and  we  should  take 
care  to  do  this  in  every  case  we  are  testing. 

General  Rules.  In  the  examination  with  the  trial  case  the  following 
general  rules  should  be  borne  in  mind: 

Rule  I.  One  eye  should  be  tried  at  a time , the  othei  being  covered, 
not  closed.  The  vision  of  the  eye  tested  should  then  be  taken. 

Rule  II.  The  strength  of  the  glass  we  try  before  the  eye  should  be 
selected  according  to  the  patient’s  vision  at,  he  time.  This  is  true 
both  of  the  glass  we  begin  with  in  order  to  get  the  first  approximate 
correction,  and  of  the  successive  glasses  we  add  to  this  approximate 
correction,  in  order  to  get  nearer  and  nearer  to  the  true  result. 

Thus,  if  we  have  a patient  with  vision  of  20/200  or  less  and  we  feel 
pretty  sure  from  the  objective  examination  that  the  poor  sight  is 
due  to  his  refractive  state  alone,  we  would  begin  at  once  with  a spheri- 
cal glass  of  from  3 to  5 D.  (+  or  — as  the  case  required).  It  would 
be  of  no  use  to  try  a much  weaker  spherical  or  any  cylinder,  as  a 
patient  with  this  vision  would  not  appreciate  the  difference  made  by 
such  a glass.  If  the  vision  were  thereby  increased  to  20/70  or  20/20, 
we  would  add  a spherical  glass  of  1 to  2 D.  When  the  vision  had 
become  20/40  or  20/50  we  would  add  0.75  sph.  (or  if  applying  cylinders 
a 1.00  D.)  to  the  correcting  glass  already  in.  With  vision  of  20  30  + 
or  20,30 — \\?  would  add  0.50  D.  (sphere  or  cylinder).  Finally,  when 
the  vision  had  become  20/20  we  may  add  a glass  of  0.25  D.,  as  then 
the  patient  may  be  able  to  notice  the  very  slight  difference  that  a 
glass  of  this  strength  produces. 

This  rule  no  longer  holds  good  when  the  patient  has  poor  vision 
due  to  opacities  in  the  media,  or  in  the  retina  or  nerve.  Then 
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a weaker  glass  than  that  indicated  by  this  rule  will  often  produce  an 
appreciable  alteration  in  sight.  But  in  such  cases  it  is  best  to  proceed 
according  to 

Rule  III.  In  nervous  and  fidgety  persons,  or  in  children  when  they 
get  tired  and  inattentive,  or  in  any  case  when,  from  defect  in  the 
eye  itself  or  from  lack  of  mental  training,  the  patient  cannot  tell  what 
he  sees,  we  should  drop  the  testing  with  the  trial  case  altogether,  instil 
homatropine  and  determine  the  refraction  carefully  by  skiascopy. 
When  we  have  made  as  careful  a determination  as  possible  by  this 
method,  we  may  then,  with  the  glass  thus  found,  resort  to  the  trial 
case  to  confirm  our  result. 

Rule  IV.  In  examination  without  a cycloplegic  we  select  as  a meas- 
ure of  the  refraction  the  highest  + and  the  lowest  — glass  that  gives 
the  patient  the  best  vision.  It  is  evident  that  a man  having  full  use 
of  his  accommodation  and  seeing  equally  well  with  a +2  D.  and  a 
+ 2.25  D.  glass,  should  have  at  least  +2.25  D.  hyperopia,  for  if  a 
+ 2 D.  really  made  him  emmetropic,  the  addition  of  even  +0.25  D. 
would  blur  his  sight.  So  also,  if  a patient  can  see  as  well  with  a 
+ 0.75  D.  as  without  it,  he  must  have  at  least  0.75  D.  hyperopia,  the 
latter  being  measured  by  the  highest  + glass  that  he  accepts.  Again, 
if  the  patient  were  myopic  1.50  D.  he  would  see  well  not  only  with 
a — 1.50  D.,  but  by  using  his  accommodation,  also  with  a — 1.75  D. 
or  a — 2 D.,  which  would  over-correct  his  myopia;  hence  the  lowest 
of  the  three  glasses  would  be  the  real  measure  of  his  refraction. 

Rule  V.  When,  on  the  contrary,  we  examine  with  a cycloplegic , 
we  select  as  a measure  of  the  refraction  the  lowest  + and  the  highest 
— glass  that  gives  the  patient  the  best  vision. 

Rule  VI.  As  we  have  seen,  the  strength  of  a concave  glass  is 
diminished  and  that  of  a convex  glass  is  increased  when  the  gUss 
is  carried  away  from  the  eye.  For  this  reason  when  testirg  ^frac- 
tion with  lenses  in  the  trial  frame,  we  should  be  sure  that  ti  ey  are  at 
the  same  distance  from  the  eyes  that  the  patient’s  glasses  vui  be  when 
he  wears  them;  otherwise  we  will  make  an  error  in  our  estimate,  an 
error  which  may  be  of  sensible  amount.  If,  for  instance,  the  trial 
frame  stands  out  too  far  from  the  face,  our  estimate  of  a — glass 
will  be  too  strong  and  of  a + glass  too  weak.  In  the  case  of  strong 
glasses  the  error  will  amount  to  a whole  dioptre. 

Rule  VII.  If,  in  the  course  of  the  investigation,  it  becomes 
apparent  that  the  vision  cannot  be  readily  brought  to  normal  by  any 
glass  tried,  it  is  best  to  re-examire  the  eye  with  oblique  illumination 
and  with  the  ophthalmoscope,  to  see  if  any  opacity  in  the  media, 
disease  of  the  fundus,  or  marked  irregular  astigmatism  may  not  be 
present,  causing  an  incorrigible  defect.  Very  often  the  use  of  a 
mydriatic  is  necessary  to  re\  Qal  such  conditions,  especially  in  the  case 
of  lesions  in  the  yellow  spot.  Examination  of  the  field  of  vision  is 
also  often  very  helpfj’,  as  it  may  reveal  loss  of  central  vision  (due 
perhaps  to  tobacco  amblyopia,  etc.)  or  a marked  and  increasing  con- 
traction of  the  field,  indicative  of  a neurasthenic  state  that  causes 
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the  amblyopia.  We  should  also  be  on  the  lookout  for  the  amblyopia 
of  an  eye  that  is  squinting  or  once  was  subject  to  squint. 

Routine  of  Procedure.  My  own  procedure  in  using  the  trial  case 
is  as  follows:  I first  apply  the  approximate  correction , determined  by 
the  cursory  examination  made  with  skiascopy  or  with  the  ophthal- 
moscope. This  correction  would,  in  general,  be  a spherical  glass,  A , 
and  a cylinder,  B. 

Second,  I add  to  this  correction  a series  of  glasses  selected  according 
to  what  I call  uthe  round  of  the  trial  case  ” That  is,  I add  one  after 
another  quickly : 

1.  A convex  sphere. 

2.  A convex  cylinder  with  its  axis  in  the  axis  of  B. 

3.  The  same  cylinder  with  its  axis  at  right  angles  to  B. 

4.  A concave  cylinder  with  its  axis  in  the  axis  of  B. 

5.  The  same  cylinder  with  its  axis  at  right  angles  to  B. 

6.  A concave  sphere. 

These  additions  form  a series  of  combinations  which  represent 
practically  all  changes  that  can  be  made  in  the  sphero-cylinder  A B. 
Thus,  if  A and  B are  both  convex,  the  additions  made  will: 

1.  Add  to  A and  leave  B alone. 

2.  Add  to  B and  leave  A alone. 

3.  Diminish  B and  add  to  A. 

4.  Diminish  B and  leave  A alone. 

5.  Increase  B and  diminish  A. 

6.  Diminish  A and  leave  B alone. 

For  example,  if  +2.50  C +1.25  cyl.  90°  were  the  glass  originally 
in  the  frame  and  a glass  of  0.50  D.  were  added  in  making  the  “round,” 
the  successive  additions  made  and  the  combinations  resulting  there- 
from would  be  as  follows: 


Additions. 
-f  0.50  sph. 


Resulting  combination. 
+ 3.00  + 1.25  cyl.  90° 
+ 2.50  + 1.75  cyl.  90 
+ 3.00  + 0.75  cyl.  90 
+ 2.50  + 0.75  cyl.  90 
+ 2.00  + 1.75  cyl.  90 
4-  2.00  + 1.25  cyl.  90 


+ 0.50  cyl.  90° 
+ 0.50  cyl.  180 

— 0.50  cyl.  90 

— 0.50  cyl.  180 

— 0.50  sph. 


The  strength  of  the  successive  glasses  added  in  making  this  round 
will  be  governed  by  Rule  II. 

Third,  as  soon  as  by  making  the  round  I reach  a combination  that 
improves  the  sight.  I substitute  this  new  combination  for  the  old  one. 
With  this  new  combination  as  the  approximate  correction  I start 
again  on  the  round  of  the  trial  case,  not  usually,  however,  from  the 
beginning,  but  adding  a glass  similar  to  the  one  that  gave  improve- 
ment before.  Thus  if  I before  got  improvement  by  crossing  with  a 
— cylinder,  I keep  on  crossing  — cylinders  until  I fail  to  improve; 
then  I try  the  next  manoeuvre  of  the  round. 

By  making  successive  substitutions  I soon  get  a glass  which  is  not 
improved  by  any  additions  (+  or  — sphere  or  + or  — cylinder). 
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Then  I make  minute  variations  in  the  axis  of  the  cylinder  and  see  if 
this  is  just  right. 

Often  the  patient  cannot  indicate  the  axis  with  precision,  saying, 
for  instance,  that  he  sees  equally  well  with  the  cylinder  at  either  60°  or 
70°.  In  such  a case  I turn  the  cylinder  up  (toward  90°)  until  the 
vision  is  evidently  blurred,  then  bring  it  back  until  the  sight  begins 
to  clear  again,  and  then  take  the  reading.  Suppose  this  to  be  80°. 
I now  rotate  the  cylinder  down  (toward  0°)  until  again  the  sight 
blurs,  then  once  more  bring  the  cylinder  back  until  the  sight  clears 
up  again.  Suppose  this  to  be  at  50°.  Then  the  axis  must  lie  between 
50°  and  80°. 

Working  between  these  limits,  I try  again  to  find  at  just  what 
point  below  80°  and  at  just  what  point  above  50°  the  sight  reaches 
its  greatest  clearness.  Suppose  I can  thus  narrow  the  limits  down 
to  75°  and  65°.  Then  the  axis  of  the  cylinder  in  all  probability 
lies  midway  between  these  limits,  or  at  70°. 

When  this  point  is  settled  satisfactorily  I may  assume  that  my 
correction  is  perfect,  but,  to  be  sure  of  it,  I usually  prove  it  by  the 
shadow  test  in  the  way  already  described. 

The  changes  and  successive  substitutions  in  this  round  of  the  trial 
case  are  made  with  great  rapidity,  indeed,  after  a while,  almost  me- 
chanically, and  thus  in  a very  short  time  the  proper  glass  can  be 
determined,  and,  in  particular,  we  can  be  sure  that  no  other  glass  than 
the  one  we  have  fixed  upon  will  answer  as  well. 

In  order  to  determine  whether  the  vision  with  the  pupil  dilated  by 
a cycloplegic  represents  what  the  vision  will  be  when  the  pupil  con 
tracts  to  its  normal  size,  I slip  a disk  with  a 4 mm.  aperture  in  it 
over  the  correcting  glass  in  the  trial  frame.  I thus,  in  effect,  redutQ 
the  pupil  to  the  normal  size  and  eliminate  the  disturbing  effect  of  +ne 
rays  passing  through  the  periphery  of  the  pupil,  which  often  are  not 
refracted  like  those  passing  through  the  centre.  In  mosu  cases  this 
disk  will  improve  the  sight,  and,  in  particular,  wifi  make  the  test 
letters  look  sharper  and  blacker.  If  this  is  the  case,  i feel  confident 
that  the  correction  is  the  proper  one,  and  will  after  any  necessary 
reduction  in  the  spherical  component,  be  accepted  when  the  effect 
of  the  cycloplegic  has  subsided. 

It  should  be  noted  that  the  test  at  20  feet  dc  es  not  always  give  the 
best  results  for  far  distance.  It  is  well,  therefore,  to  try  the  glass 
that  we  have  found  by  having  the  patient  look  out  of  the  window 
into  the  far  distance  and  then  to  observe  whether  a — 0.25  D.  added 
does  not  sharpen  the  sight  materially,  defining,  fcr  instance,  the 
lines  of  bricks  and  mortar,  etc.  in  distant  houses  better.  If  it  does, 
the  corresponding  reduction  should  be  made  in  the  glass  determined 
for  distance. 

After  I have  determin  rid  the  correcting  glass  for  each  eye  separately, 
I often  find  it  an  ad1*  a otage,  especially  in  testing  hyperopes  without 
a cycloplegic,  to  puc  the  correction  for  each  eye  in  the  frame , and  have 
the  patient  loot,  a!:  the  test  cards  with  both  eyes  at  once.  It  may 
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then  turn  out  that  he  will  take  some  addition  to  the  correction  in 
one  eye  or  both  which  he  did  not  take  before. 

The  test  for  near  is  made  simply  by  putting  on  each  eye  its  proper 
correction  and  then  making  the  patient  use  both  eyes,  and  find  what 
additional  glass  he  needs  for  his  reading  or  working  distance — i.  e., 
we  make  the  patient  essentially  an  emmetrope  by  glasses,  then  con- 
duct the  examination  in  the  same  way  as  for  emmetropes.  (See 
Chapter  II.)  This  examination,  of  course,  should  be  made  either 
before  instilling  the  cyclopegic  or  else  some  days  after  the  effect  of 
the  latter  has  subsided. 

An  example  will  indicate  more  clearly  the  method  of  procedure. 
A patient  not  under  a mydriatic  has  vision  of  20/20.  I put  on  him 
+ 0.50,  then  +0.75,  then  +1.00  D.,  which  he  accepts;  but  he  rejects 
a +1.25  D.,  that  blurring  his  sight  a little.  Leaving  the  +1.00  sph. 
in,  I add  +0.50  cyl.  ax.  first  at  90°,  then  at  180°.  Both  are  rejected, 
but  the  former  gives  less  blurring.  I then  add  — 0.50  cyl.  180°,  which 
converts  the  +1.00  into  +0.50  3 +0.50  cyl.  ax.  90°.  This  sharpens 
the  sight  considerably,  and  I immediately  substitute  +0.50  3 +0.50 
cyl.  ax.  90°  for  the  +1.00.  As  the  patient  shows  astigmatism  with 
the  rule,  I follow  the  lead  that  he  indicates  by  now  adding  successively 
+ 0.50  cyl.  ax.  90°,  and  — 0.50  cyl.  ax.  180°.  With  neither  is  the 
sight  better,  nor,  in  fact,  is  it  as  good  as  without  the  glass.  Now 
making  the  “ round”  with  a +0.25  D.  sph.  and  cylinder,  I find  that 
the  sphere  improves  more  than  the  cylinder,  indicating  a correction 
of  +0.75  sph.  3 +0.50  cyl.  ax.  90°.  The  patient  accepts  uo  further 
change.  I now  rotate  the  cylinder  and  find  that  the  sharpest  vision 
and  also  the  completest  equalization  of  lines  of  the  astigmatic  clock- 
face  are  obtained  with  the  cylinder  at  80°.  The  final  correction, 
therefore,  is  +0.75  sph.  3 +0.50  cyl.  ax.  80° 

The  other  eye  tested  in  the  same  way  shows  +0.50  sph.  3 +0.75 
cyl.  ax.  100°.  With  both  eyes  together  he  accepts  an  addition  of 
+ 0.50  sph.,  and  for  reading,  takes  a further  addition  of  +0.75  sph. 
His  distance  glass,  therefore,  would  be  R.  +1.25  sph.  3 +0.50  cyl. 
ax.  80°;  L.  +1.00  sph.  3 +0.75  cyl.  ax.  100°.  His  reading  glasses 
would  be  R.  +2.00  sph.  3 +0.50  cyl.  ax.  80°;  L.  +1.75  sph.  3 
+ 0.75  cyl.  ax.  100° 

Take  another  instance:  A patient  under  homatropine  has  indi- 
cated by  the  ophthalmoscope  and  the  shadow  test  a glass  of  about 
+ 1.75  sph.  3 +1.00  cyl.  75°.  With  this  he  gets  20  40  vision.  I 
add  in  succession  +0.50  sph.,  +0.50  cyl.  75°,  +0.50  cyl.  160°,  — 0.50 
cyl.  75°,  — 0.50  cyl.  165°,  and  — 0.50  sph.  I find  that,  of  all  these 
combinations,  --0.50  cyl.  165°  improves  the  most.  I substitute  the 
corresponding  combination,  +1.25  sph.  3 +1.50  cyl.  ax.  75°,  and 
now  get  20  30+  vision.  I again  add  — 0.50  cyl.  ax.  165°,  but  fail 
to  improve ; then  +0.50  cyl.  75°,  with  the  same  result.  — 0.50  sph., 
however,  seems  a little  better,  and  when  I try  the  ‘ ‘round”  with 
0.25  D.  glasses  I get  improvement  with  — 0.25  sph.  Making  the 
round”  again,  no  glass  added  helps.  I change  the  axis  of  the  cylinder 
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and  fail  to  get  any  certain  result,  the  patient’s  answers  being 
rather  vague.  The  patient,  therefore,  seems  to  have  -fl.00  sph.  3 
+ 1.50  cyl.  75°  To  prove  it,  I put  in  the  trial  frame  a +2.00  sph.  3 
+ 1.50  cyl.  ax.  75°  and  apply  the  shadow  test  at  1 m.  I find  that 
the  shadow  moves  with  the  mirror  in  all  directions,  but  there  is  a 
slight  oblique  movement  which  is  corrected  by  rotating  the  cylinder 
until  it  stands  at  60°.  I then  find  that  I get  complete  reversal  in  the 
meridian  of  60°  when  I stand  just  within  1 m.,  but  do  not  get  reversal 
in  the  meridian  of  150°  until  I go  back  some  distance  beyond  1 m. 
The  cylinder  then  needs  strengthening.  Substituting  +1.75  cyl.  ax. 
60°  for  the  +1.50  cyl.  already  in,  I now  find  that  I get  complete 
even  reversal  in  all  meridians  alike  at  1 m.  The  correction  is,  there- 
fore, + 1.00  sph.  3 +1.75  cyl.  60°.  With  this  we  find  the  patient 
now  gets  20/20 +,  and  the  astigmatic  clock-face  is  perfectly  even. 
He  gets  even  sharper  sight  when  I put  up  a diaphragm  with  a 4 
mm.  aperture,  which,  in  effect,  restores  his  pupil  to  the  natural  size. 
But  when  he  looks  out  of  a window  he  sees  far  distant  objects  better 
with  — 0.25  added.  Hence  his  full  correction  for  distance  is  finally 
determined  as  +0.75  sph.  3 +1.75  cyl.  60°. 

Rules  for  the  Prescription  of  Glasses.  It  being  supposed  that 
we  have  found  a patient’s  total  refractive  error,  we  now  have  to 
determine  what  glass  to  prescribe  for  him.  This  depends  upon  so 
many  factors  that  no  rule  can  be  laid  down  which  will  cover  all 
cases.  The  following  are  the  general  principles  that  I follow: 

1.  I correct  all  the  astigmatism  that  the  patient  has,  unless  it 
is  over  6 D.,  in  which  case  he  is  sometimes  more  comfortable  and 
gets  quite  as  good  vision  with  the  astigmatism  slightly  under- 
corrected. I do  not,  however,  hesitate  to  prescribe  cylinders  of  more 
than  6 D.,  when  these  give  appreciably  better  sight  than  glasses  of 
less  strength 

Astigmatism  of  only  0.25  or  0.50  D.  I do  not  prescribe  fur,  unless 
the  symptoms  (asthenopia,  blurring  of  sight,  etc.)  seem  particularly 
to  call  for  the  correction,  or  unless  the  patient  has  to  use  his  eyes 
for  very  close  and  continuous  near  work,  or  finallv,  unless  the  patient 
is  going  to  use  a glass  anyhow,  in  which  case  I regularly  add  the  cylin- 
drical correction  that  he  requires,  however  small. 

2.  I correct  the  full  amount  of  myopia , and,  wherever  I can,  have 
the  patient  use  the  same  correction  for  distance  and  near.  If  he  is 
much  beyond  the  age  of  forty  years,  this  is,  of  course,  impossible; 
and  even  below  that  age  we  may  have  to  give  the  myope  different 
glasses  for  reading  and  distance,  particularly  if  he  has  not  used  con- 
cave glasses  before  for  near  work.  But  in  myopes  under  forty  years 
of  age  I make  the  attempt  af  cU  y rate  to  get  them  to  use  their  full 
correcting  glass  for  all  purposes,  and  I find  that  I generally  succeed 
if  the  patients  are  at  all  faithful  in  following  my  instructions. 

I consider  it  particularly  important  to  correct  myopia,  whether  of 
low  or  of  high  degree,  in  children,  and  to  make  them  wear  their 
glasses  constantly.  1 am  very  strongly  of  the  belief  that  this  course 
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tends  more  than  anything  else  to  retard  the  further  development  of 
the  myopia. 

It  is  also  of  very  great  importance  to  correct  fully  the  myopia,  and 
to  insist  upon  the  patient's  using  his  glass  for  all  purposes  when  he 
has  a convergence-insufficiency.  The  evidences  of  this  will  be  an  exo- 
phoria  which  is  much  more  marked  for  near  than  for  distance,  and 
a tendency  to  recession  of  the  near  point  of  convergence,  indicating 
that  the  ability  to  maintain  binocular  fixation  at  near  points  is  failing. 
In  such  a case  the  use  of  fully  correcting  concave  glasses  for  both 
distance  and  near,  by  stimulating  the  accommodative  power,  may 
prevent  the  development  of  a divergent  squint. 

Myopia  of  very  high  degree  may  have  to  be  under-corrected  on 
account  of  the  annoyance  that  the  very  strong  glasses  often  produce. 
But  I believe  that  we  may  generally  prescribe  glasses  up  to  18  D., 
and  in  certain  cases  may  give  even  stronger  glasses  with  advantage. 

3.  I correct  all  the  absolute  and  all  the  manifest  hyperopia. 

The  latent  hyperopia  I under-correct  according  to: 

a.  The  age  of  the  patient.  The  older  he  is  the  less,  in  general,  we 
can  leave  uncorrected.  No  absolute  rule  can  be  laid  down,  but  it 
may  be  stated  that  in  children  under  twelve  years  of  age,  from  1 
to  2 D.  of  latent  hyperopia  may  often  be  disregarded;  from  twelve 
to  twenty-five  years  of  age,  0.75  to  1.25  D.;  and  from  twenty-five  to 
forty  years  of  age,  0.50  to  0.75  D. 

b.  The  conditions  under  which  he  works.  If  he  has  to  use  his 
eyes  excessively,  especially  at  some  trying  kind  of  near  work,  and 
particularly  if  by  artificial  light,  I should  give  him  a otronger  glass 
than  if  he  were  using  his  eyes  mainly  for  distance  and  by  day- 
light. 

c.  His  symptoms.  A patient  with  asthenia  headache,  and  other 
evidences  of  eyestrain,  will  require  a fuller  correction  of  his  hyper- 
opia than  one  who  has  no  such  symptoms.  So,  also,  one  suffering 
from  accommodative  weakness,  due  e*«ti  er  to  neurasthenia  or  to  the 
effects  of  recent  disease,  will  require  the  correction  of  nearly  or  quite 
all  of  his  hyperopia,  even  if  of  low  degree. 

d.  The  muscular  conditions . A patient  with  esophoria,  and,  still 
more,  one  with  an  actual  convergent  squint,  due  to  convergence- 
excess,  should  wear  constantly  the  full  correction  of  his  hyperopia 
or  within  0.25  D.  of  it.  Experience  has  shown  that  it  is  only  by  the 
persistent  and  long-continued  wearing  of  the  full  correction  that  the 
best  results  are  obtained  in  these  cases. 

Per  contra,  a patient  with  marked  exophoria,  and  particularly 
an  exophoria  due  to  convergence-insufficiency,  often  does  better  if 
his  hyperopia  is  moderately  under-corrected. 

A simple  hyperopia  of  0.25  to  0.75  D.,  or,  in  children,  of  even 
1.00  L , may  in  most  cases  be  left  uncorrected  unless  it  is  producing 
blurring  of  sight,  asthenopia,  or  a convergence-excess. 

In  anisometropia , whenever  the  sight  in  both  of  the  eyes  can  be 
brought  up  to  anything  like  the  normal,  I try  to  either  give  the  full 
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correction  in  both,  or  else  reduce  the  full  correction  by  an  equal 
amount  in  both  eyes,  and  I tell  the  patient  that  he  should  wear  the 
glass  steadily,  that  he  may  expect  to  have  some  trouble  with  it 
for  the  first  week,  and,  possibly,  for  the  first  two  weeks,  but  that  he 
should  persevere  with  it,  nevertheless.  The  indication  for  thus  cor- 
recting anisometropia  I regard  as  particularly  important  when,  as 
often  happens,  there  is  a marked  tendency  to  deviation  of  the  eyes 
(insufficiency  or  squint). 

By  attending  to  the  considerations  above  presented,  it  is  often  pos- 
sible to  prescribe  the  proper  glass  at  once  from  the  results  of  the  first 
examination,  made  with  a cycloplegic.  In  some  cases,  however,  par- 
ticularly when  the  results  of  examination  before  homatropine  and 
under  homatropine  are  very  discrepant,  and  particularly,  also,  when 
there  is  doubt  as  to  the  proper  reading-glass  to  be  given,  it  is 
safer  to  have  the  patient  report  for  re-examination  a day  or  two  after 
the  effects  of  the  cycloplegic  have  worn  off . When  he  does  so,  I put  on 
each  eye  the  full  sphero-cylindrical  correction  found  under  the  cyclo- 
plegic, and,  having  the  patient  use  both  eyes,  find  what  he  can  see. 
If  he  does  not  get  full  vision,  I change  the  spherical  glasses  (but,  if 
possible,  do  not  change  the  cylinders)  until  his  sight  is  brought  to 
the  normal.  This  gives  me  his  manifest  correction.  The  difference 
between  this  and  the  glass  found  under  the  cycloplegic  is  his  latent 
hyperopia.  Then  the  glass  I prescribe  for  him  will  be  the  manifest 
correction  plus  a spherical  glass  whose  strength  represents  that  por- 
tion of  the  latent  hyperopia  which,  I think,  ought  to  be  corrected , 
taking  into  account  the  patient's  age,  the  kind  of  work  that  he  has  to 
do,  the  amount  of  his  asthenopia,  etc. 

If  the  patient  has  a convergent  squint,  I pay  no  attention  to 
manifest  correction,  but,  as  before  stated,  give  the  full,  o^  practi- 
cally the  full  correction,  no  matter  whether  the  patient  has  poor 
sight  with  it,  or  not,  and  direct  him  to  use  it  constantly. 

Whether  a glass  shall  be  worn  constantly  or  not  depends  upon  the 
amount  and  kind  of  refractive  trouble  present  and  eoon  the  symp- 
toms. Persons  with  astigmatism  of  1 D.  or  over,  persons  with  myopia, 
whether  low,  moderate,  or  high,  and  persons  with  x hyperopia  that  is 
sufficiently  high  to  occasion  asthenopia  or  other  evidences  of  eyestrain, 
should  wear  their  glasses  all  the  time.  And  in  most  other  cases,  if 
glasses  are  to  be  worn  at  all,  it  is  better  for  the  patient  to  use  them 
constantly,  provided,  of  course,  they  are  not  prescribed  simply  for 
presbyopia.  When,  however,  a convex  spherical  or  cylindrical  glass 
is  of  slight  amount  and  is  prescriued  for  an  asthenopia  occurring 
solely  in  near  work,  the  patiem  may  be  permitted  to  do  without  the 
glass  for  distance.  Yet  eve  1 11  this  case  it  is  best  to  direct  the  patient 
to  wear  the  glass  congruously  for  a time,  as  by  so  doing  he  will 
accustom  himself  to  k much  more  quickly.  I usually  tell  such 
patients  that  they  : h >uld  wear  their  glasses  all  the  time  for  three  or 
four  weeks,  and  that  then  they  may  discard  them  for  distance  if 
they  choose.  Often  at  the  end  of  the  time  set  they  will  of  their 
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own  volition  continue  to  wear  the  glasses  constantly — which  will, 
on  the  whole,  be  a good  thing. 

A constant  wearing  of  the  correcting  glass  is  particularly  indicated 
when  there  is  (a)  a convergence-insufficiency  combined  with  myopia, 
or  a convergence-excess  combined  with  hyperopia,  or  ( b ) a spasm  of 
accommodation,  or  (c)  a beginning  myopia  in  childhood,  or  ( d ) a 
pronounced  asthenopia  with  its  attendant  symptoms  of  eyeache  and 
headache,  or  ( e ) neurasthenia  with  eye  symptoms  and  sometimes, 
also,  when  no  eye  symptoms  are  present. 

Difficulties  Encountered  in  Wearing  Glasses.  Many  people  expe- 
rience difficulty  when  they  put  on  glasses  for  the  first  time.  Generally 
speaking,  these  difficulties  vanish  after  the  glasses  are  used  for  a few 
days,  particularly  if  they  are  worn  constantly.  Hence,  if  a patient  does 
come  back  two  or  three  days  after  getting  his  glasses  and  complains 
that  he  cannot  see  well  or  comfortably  with  them,  he  should  be  told 
to  put  them  on  and  wear  them  steadily  for  at  least  a week,  and  that 
he  should  not  be  discouraged  if  he  does  not  become  perfectly  accus- 
tomed to  them  before  the  week  is  over.  In  fact,  we  should,  as  a rule, 
not  think  of  changing  a glass  simply  on  account  of  the  difficulty  expe- 
rienced in  using  it  until  constant  use  for  at  least  three  weeks  has 
proved  it  unsuitable.  In  the  great  majority  of  cases  it  will  be  found 
at  the  end  of  this  period  that  whatever  trouble  the  glasses  occasioned 
at  the  outset  will  have  entirely  disappeared,  provided  proper  care  was 
taken  in  prescribing  the  glasses  in  the  first  place. 

The  difficulties  experienced  in  using  glasses  may  arise  from  changes 
they  produce  in  the  size  of  objects.  Myopes  often  complain  that 
their  glasses  make  objects,  especially  objects  close  to  them,  look  too 
small,  so  that  they  find  difficulty  in  reading,  sewing,  or  doing  any 
fine  close  work  with  the  correction  prescribed  for  distance.  Usually 
this  difficulty  passes  away  after  a while,  and,  in  the  expectation  that 
this  will  take  place,  we  should  always  encourage  the  myope  to  keep 
on  with  his  glasses  for  a week  or  two  at  least,  in  order  to  see  if  he 
will  not  gradually  get  accustomed  to  them  for  all  purposes.  If,  as 
exceptionally  happens,  he  cannot  get  used  to  them,  then  we  shall 
have  to  give  him  a weaker  glass  for  near  work.  How  much  weaker 
must  be  determined  by  experiment;  but  in  any  case,  if  he  is  under 
forty  years  of  age,  we  try  1o  get  his  reading-glass  as  near  to  his  dis- 
tance-glass as  possible. 

Hyperopes  sometimes  complain  that  their  glasses  make  near  ob- 
jects look  too  large  and  coarse.  This  difficulty  is  probably  always 
remedied  by  more  prolonged  use  of  the  glasses. 

Glasses  also  cause  trouble  by  altering  the  shape  of  objects  looked 
at.  This  is  particularly  the  case  with  cylinders,  which  often  make  a 
square  appear  oblong,  or,  more  frequently  still,  trapezium-shaped 
(narrower  at  the  top  than  at  the  bottom),  and  make  horizontal  sur- 
faces appear  sloping.  Prismatic  glasses  have  the  same  effect,  and 
; o do  spherical  glasses  when  the  wearer  looks  obliquely  through  them 
or  sees  through  their  edges.  This  distortion  produced  by  glasses  is 
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often  quite  annoying,  but  usually  passes  off  soon  (within  a week  or 
two  in  most  cases).  Very  seldom  we  have  to  obviate  it  by  reducing 
the  strength  of  the  glasses. 

Another  disagreeable  effect  produced  by  glasses  is  an  alteration  in 
the  distinctness  of  objects  looked  at.  Hyperopes  often  complain  of 
the  blurring  produced  by  their  convex  glasses  when  these  over-correct, 
even  by  a very  little,  their  manifest  hyperopia.  Sometimes  even 
very  prolonged  use  of  the  glasses  does  not  obviate  this,  as  they  hold 
on  very  tenaciously  to  their  accommodation,  and  so  do  not  allow 
any  further  amount  of  their  latent  hyperopia  to  become  manifest. 
We  should  in  such  a case  make  the  patient  use  his  glass  steadily  for 
three  or  four  weeks.  If  at  the  end  of  this  time  there  were  signs 
that  the  excessive  accommodation  was  giving  way,  or,  in  any  case, 
if  the  blurring  was  not  very  annoying,  we  should  continue  the  glasses 
for  a further  period  of  three  weeks.  If,  however,  the  blurring  con- 
tinues, and  particularly  if  it  is  causing  the  patient  much  annoyance, 
we  must  then  weaken  his  glass  somewhat,  telling  him  that  later  on  he 
will  need  to  have  it  made  stronger  again.  In  particularly  obstinate 
cases,  where  the  proper  glass  causes  persistent  blurring,  and  where  the 
weaker  glass  that  would  give  better  sight  is  not  sufficiently  strong  to 
relieve  the  asthenopia,  we  will  have  to  use  a course  of  atropine  (1  to 
1.5  per  cent  solution  instilled  three  times  a day,  for  a week  or  two). 

Quite  the  same  blurring  is  found  in  myopes  with  a spasm  of  accom- 
modation. But  here  we  should  by  no  means  yield  to  the  patient's 
desire  for  a stronger  concave  glass,  but  insist  upon  his  wearing  the 
proper  correction  as  found  under  a cycloplegic.  If  the  accommodation 
remains  still  in  a state  of  spasm,  we  should,  as  in  the  hyperopes,  use 
atropine,  instilled  three  times  a day,  for  two  weeks. 

Blurring  is  often  noticed  with  convex  glasses  that  have  been  pre- 
scribed for  near  work,  whether  in  hyperopes  or  presbyopes  If  this 
persists,  we  should  alter  the  strength  of  the  glass  accordingly,  being 
careful  to  test  the  patient  as  nearly  as  may  be  under  the  same  con- 
ditions as  those  under  which  he  works. 

Myopes  and  astigmatics  sometimes  complain  that  their  vision 
is  too  sharp  with  their  glasses.  They  miss  the  m tigating  haze  that 
formerly  invested  all  objects  that  they  saw.  ihey  soon,  however, 
become  used  to  the  new  conditions,  and  icarn  to  enjoy  the  increased 
definition  and  clearness  of  everything  they  iook  at. 

Another  way  still  in  which  glasses  cause  trouble  is  by  altering  the 
muscular  relations  of  the  eye.  A convex  glass,  by  doing  away  with 
the  necessity  for  using  the  accommodation,  may  cause  a temporary 
convergence-insufficiency,  which  produces  a tendency  to  diplopia  and 
consequent  blurring  of  sight  at,  near  points.  If  this  does  not,  as  is 
usually  the  case,  soon  disappear  with  the  continued  use  of  the  glasses, 
we  may  have  to  exercise  the  convergence  with  prisms,  base  out,  or 
in  some  cases  even  have  to  diminish  the  strength  of  the  convex  glass. 
The  prescription  of  prisms,  base  in,  for  constant  wear  is  not  advis- 
able in  these  cases,  since,  although  affording  temporary  relief  to  the 
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symptoms,  it  is  apt  to  cause  a progressive  increase  in  the  devia- 
tion. 

So,  also,  a concave  glass,  by  compelling  the  use  of  the  accommoda- 
tion, which  before  was  not  in  use,  may  produce  a temporary  conver- 
gence-excess, and  this  may  likewise  cause  slight  diplopia  and  blurring 
for  near  vision.  This,  if  persistent,  may  be  remedied  by  practising 
the  divergence  at  near  points  (one  foot  or  less)  with  prisms  of  15° 
or  16°,  base  in.  The  prescription  of  prisms,  base  out,  for  constant 
wear  is  not  advisable  in  these  cases. 

If  a muscular  deviation  is  already  present,  the  troubles  to  which  it 
gives  rise  may  be  accentuated  by  glasses.  This  is  particularly  the 
case  if  the  deviation  is  such  as  to  produce  diplopia.  This  diplopia 
may  not  occasion  trouble  so  long  as  one  or  both  of  the  double  images 
are  faint,  so  that  one  of  them  can  be  readily  ignored.  But  when  the 
glass  makes  both  images  distinct,  they  can  no  longer  be  neglected, 
and  both  obtrude  themselves  disagreeably  upon  the  patient’s  notice, 
causing  a sense  of  confusion  and  uncertainty  that  amounts  to  abso- 
lute distress. 

Lastly,  a disturbance  in  muscular  relations  may  be  produced  by 
the  prismatic  effect  of  the  glasses.  All  glasses  act  as  prisms  if  their 
wearer  looks  through  their  edges  instead  of  their  centres  or  if  they 
are  decentred.  If  he  looks  nearly  through  the  centre  of  one  glass 
and  through  the  edge  of  the  other,  or,  if  the  glasses  are  of  different 
strengths,  and  he  looks  through  the  edges  of  both,  he  will,  in  effect, 
have  a different  prism  before  one  eye  than  before  the  cth?r,  and  will 
hence  tend  to  see  double.  If  he  actually  sees  double,  his  sight  will 
be  confused;  if  he  overcomes  the  diplopia  by  muscular  effort,  he  is 
likely  to  suffer  from  asthenopia.  This  often  happens  with  strong 
glasses  which,  owing  to  their  weight,  are  apt  to  sag  and  get  out  of 
adjustment. 

The  remedy  for  this  is  to  see  that  the  glasses  are  very  carefully 
centred,  or,  if  decentred,  are  so  disposed  as  to  produce  an  equal 
prismatic  effect. 

These  various  difficulties  due  to  glasses  are,  of  course,  more  apt  to 
be  produced  with  strong  glasses  than  with  weak  ones;  yet  it  has 
been  my  experience  that  very  strong  spherical  glasses,  and  in  par- 
ticular, very  strong  cylinders  are  borne  without  much  difficulty — 
in  fact,  quite  as  well  as  those  that  are  much  weaker. 

Some  of  the  greatest  difficulties  are  experienced  in  anisometropia . 
Yet  even  here,  if  persistent  efforts  are  made  for  a couple  of  weeks  to 
use  the  glasses  properly  correcting  both  eyes,  the  difficulties  will, 
in  most  cases,  ultimately  disappear,  and  the  sight  will  be  much  better 
and  more  satisractory  with  the  glasses  than  without  them. 

The  .Adjustment  of  Glasses.  It  is  important,  as  we  have  just 
seen,  that  glasses,  especially  if  at  all  strong,  should  be  accurately 
centred — i.e.,  their  optical  centres  should  lie  opposite  the  centres 
of  die  pupils.  Moreover,  the  nose-piece  should  be  so  adjusted  as 
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not  to  allow  the  glasses  to  oscillate  or  become  tilted.  Otherwise, 
the  glasses  may  produce  a prismatic  or  a cylindrical  effect  which 
was  not  intended. 

The  frames  should,  in  general,  be  so  adjusted  that  the  glasses  will 
stand  at  the  anterior  focus  of  the  eye — i.  e.,  about  one-half  inch  in 
front  of  the  cornea. 

Glasses  intended  mainly  or  exclusively  for  reading  should  be  dropped 
some  5 or  6 mm.  and  tipped  forward  about  15°,  so  that  when  the  gaze 
is  directed  down,  as  it  is  in  reading,  the  line  of  sight  may  strike  the 
glass  at  right  angles  and  pass  directly  through  its  centre.  Moreover, 
the  centre  of  each  glass  should  be  carried  3 mm.  in  toward  the  nose; 
otherwise  the  eyes  when  converged,  as  they  are  in  reading,  will  look 
through  the  inner  edges  and  not  the  centres  of  the  glasses. 

These  are  points  that  the  optician  who  makes  the  glasses  usually 
attends  to  carefully.  Yet  it  is  always  well  for  us  to  verify  this  ad- 
justment personally,  and  satisfy  ourselves  that  the  glass  is  just  of 
the  strength  we  ordered,  that  it  fits  properly,  and  that  it  is  steady. 
Otherwise,  we  may,  at  times,  be  blamed  for  troubles  produced  by  the 
glasses,  but  which  are  due  to  faulty  fitting,  and  not  to  any  error  in 
our  prescription. 

Sometimes  our  patients  cannot  go  in  person  to  the  opticians  to 
be  fitted.  Then  we  have  to  send  along  with  the  prescription, 
measurements  and  directions  showing  how  the  glasses  are  to  be 
made  up. 

For  spectacles  these  measurements  and  directions  are  as  follows : 

Size  of  glass. 

Distance  between  centres  of  pupils  (interpupillary  or  pupilary 
distance) . 

Style  of  bridge  (whether  C bridge,  saddle-bridge,  or  snake-bridge) . 

Height  of  bridge — i.  e .,  height  of  top  of  bridge  above  the  line 
connecting  the  centres  of  the  pupils. 

Width  of  bridge  at  base. 

Distance  of  top  of  bridge  in  front  of  or  behind  the  frame  (in 
case  the  glasses  are  to  be  set  in  or  out  from  the  eyes). 

Style  of  temples  (whether  straight  or  hooks). 

Length  of  temples. 

Material  of  frame  and  style  (whether  rimless  or  not). 

In  the  case  of  eyeglasses  there  should  b( : indicated : 

Size  of  glass. 

Interpupillary  distance. 

Style  of  frame.  (This  in  general  has  to  be  done  by  reference  to 
a catalogue  or  to  certain  standard  forms.) 

Width  of  nose-clip  at  too  and  bottom. 

Distance  by  which  glasses  are  to  be  set  in  or  out  from  the  general 
plane  of  the  frame. 

Material  and  style  of  frame  (whether  rimless  or  not). 

Most  of  the  trial  frames  have  scales  marked  upon  them,  by  the 
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aid  of  which  we  are  enabled  to  make  the  more  important  of  the 
above-mentioned  measurements. 

Analysis  of  Glasses.  In  office  work  we  are  often  called  upon  to 
examine  the  glasses  a patient  is  wearing,  and  find  out  what  they  are. 
This  is  best  done  in  the  following  way : 

We  hold  the  glass  to  be  examined  six  or  seven  inches  in  front  of 
our  eyes  and  look  through  it  at  a right-angled  cross  (e.  g.,  that  formed 
by  two  intersecting  window  sashes)  on  the  other  side  of  the  room. 
We  then  rotate  the  glass  about  its  centre,  and  watch  the  effect  pro- 
duced on  the  arms  of  the  cross. 

If,  as  we  rotate  the  glass,  the  arms  of  the  cross  appear  neither 
displaced  nor  distorted,  but  remain  quite  unbroken,  we  know  that  the 
glass  contains  neither  a prism  nor  a cylinder.  If  in  this  case  we  move 
the  glass  from  side  to  side  and  up  and  down,  and  no  movement  of 
the  portion  of  the  cross  seen  through  the  glass  takes  place,  the  glass 
is  plane.  If  movement  does  take  place,  the  glass  is  spherical , being 
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Distortion  produced  by  a cylinder.  Determination  of  the  axis  of  p cylinder.  A right-angled 
cross,  A B C D,  is  seen  through  a glass  containing  a cylinder.  If  (I)  the  c.xis  of  the  cylinder  does 
not  coincide  with  either  A B or  CD,  the  cross  will  appear  twisted,  *o  vhat  the  arras  no  longer  make 
a right  angle.  The  cross,  however,  is  not  displaced  as  a who)  j eCher  to  one  side  or  the  other.  If 
now  the  glass  is  rotated  until  the  axis  of  the  cylinder  coincide^  wit' 1 one  arm  of  the  cross— e.  g.,  A B 
(II)— the  cross  will  appear  right-angled  and  unbroken.  The  same  thing  will  happen  if  the  glass  is 
rotated  90°  more  (III),  so  that  the  axis  of  the  cylinder  coincides  with  C D. 


concave  if  the  cross  moves  in  the  same  direction  as  that  in  which 
we  move  the  glass,  and  convex  if  the  cross  moves  the  opposite  way. 
In  either  case,  we  neutralize  with  glasses  of  opposite  sign,  putting 
convex  glasses  over  concav  >,  and  vice  versa,  until  all  movement  of 
the  cross  is  abolished.  The  strength  of  the  glass  that  precisely  neu- 
tralizes the  movement  will  equal  the  strength  of  the  glass  examined. 

If  the  glass  contains  a cylinder,  the  two  arms  of  the  cross  will  bend 
toward  each  other  as  we  rotate  the  glass,  so  as  to  form  an  oblique, 
instead  of  a right  angle.  The  cross  will,  therefore,  be  distorted,  but 
will  not  be  laterally  displaced. 

If  we  keep  on  rotating  the  glass,  we  shall  find  the  distortion  first 
increasing,  then  diminishing,  until  finally  a position  is  reached  where 
there  is  no  distortion — i.  e.,  where  both  horizontal  and  vertical  arms 
are  unbroken.  The  same  will  be  the  case  if  we  rotate  the  glass  90°, 
•so  that  the  vertical  arm  occupies  that  meridian  of  the  glass  which 
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the  horizontal  arm  occupied  before.  In  either  position  of  the  glass 
the  axis  of  the  cylinder  will  lie  precisely  in  the  line  where  either  the 
vertical  or  the  horizontal  arm  of  the  cross  traverses  the  glass. 

Now,  holding  the  glass  in  either  one  of  these  two  positions,  we 
move  it  up  and  down,  and,  as  we  move  it  up,  note  whether  the  hori- 
zontal arm  of  the  cross  also  moves  up  or  moves  down.  In  either  case 
we  neutralize  the  apparent  movement  of  the  cross  with  the  appropriate 
spherical  glass  ( + if  the  cross  moves  up,  and  — if  the  cross  moves 
down).  (Fig.  63.)  We  have  thus  made  one  meridian  of  our  glass  plane 
— i.  e .,  have  converted  the  glass  into  a simple  cylinder.  Leaving  the 
neutralizing  sphere  on,  and  still  holding  the  glass  in  the  same  posi- 
tion, we  now  move  the  glass  from  side  to  side,  and,  as  we  move  it 
to  the  right,  note  whether  the  vertical  line  of  the  cross  moves  also 
to  the  right  or  moves  to  the  left.  In  the  former  case  we  neutralize 
with  convex,  in  the  latter  with  concave  cylinders,  the  cylinders  being 
added  to  the  sphere  we  have  already  put  on,  and  having  their  axes 
in  the  meridian  we  have  already  neutralized — i.  e.,  in  line  with  the 
vertical  arm  of  the  cross.  The  sphere  and  the  cylinder  together  will 
neutralize  the  glass  in  all  meridians,  and  will  indicate  the  strength 
of  its  spherical  and  the  strength  and  axis  of  its  cylindrical  component. 

Thus,  suppose  that  the  cross  looks  unbroken  when  we  have  rotated 
the  glass  until  the  vertical  arm  of  the  cross  coincides  with  the 
meridian  of  45°  on  the  glass.  The  axis  of  the  correcting  cylinder  must 
lie  either  at  45°  or  135°.  Now,  moving  the  glass  up  and  down — i.  e., 
strictly  in  line  with  the  vertical  arm  of  the  cross — we  see  that  the 
horizontal  arm  moves  in  the  opposite  direction,  going  down  as  we 
carry  the  glass  up.  A — 1.00  D.  spherical  placed  over  the  glass  . eu- 
tralizes  this  movement.  Leaving  this  — 1.00  D.  on,  we  now  move 
the  glass  from  side  to  side,  still  keeping  it  with  its  corr^ted  45° 
meridian  vertical.  The  vertical  arm  of  the  cross  moves  in  r,he  same 
direction  that  we  move  the  glass.  We  now  put  on  + cylinders  with 
the  axis  at  45° — i.  e.,  in  line  with  the  vertical  arm  of  the  cross — until 
this  movement  of  the  cross  is  neutralized.  Suppose  it  took  a +1.75 
D.  cylinder  to  do  this.  The  neutralizing  glass  is  then  — 1.00  sph.  3 
+ 1.75  cyl.  45°,  and  the  glass  examined  is,  therefore,  a +1.00  sph. 
3 — 1.75  cyl.  45°. 

We  might  in  the  case  cited  have  rotated  the  glass  so  that  the 
meridian  of  135°  coincided  with  the  vertical  line  of  the  cross  (in 
which  case  the  cross  would  have  again  appeared  unbroken),  and  then 
have  neutralized  this  meridian  first.  Then  this  correction  would 
have  worked  out  to  —0.75  sph.  C +L75  cyl.  135°,  equivalent  to  the 
one  given  above. 

If  the  glass  is  a simple  *ylinder,  instead  of  a sphero-cylinder,  pre- 
cisely the  same  procedure  is  adopted,  only  in  this  case  we  shall  find 
that  the  movement  along  meridian  is  already  nil , so  that  we  have 
to  apply  no  correcting  glass  to  this  meridian,  and  all  that  we  have 
to  do  is  to  add  ncu  ralizing  cylinders  with  their  axes  in  this  meridian. 
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If  the  glass  contains  a prism,  one  or  both  arms  of  the  cross  will 
be  displaced,  the  horizontal  arm  being  thrown  up  or  down,  and  the 
vertical  arm  being  carried  to  one  side.  As  we  rotate  the  glass,  the 
displacement  of  one  arm  will  increase  and  that  of  the  other  diminish. 
But  however  we  rotate  the  glass,  the  arms  seen  through  it  will  always 
remain  parallel  to  their  original  direction — the  vertical  arm  remain- 
ing vertical,  the  horizontal  arm  horizontal.  Hence  the  cross,  although 
appearing  broken,  is  not  distorted.  That  is,  a prism  shifts , but  a 
cylinder  twists.  (Fig.  64.) 

# We  keep  on  rotating  the  glass  until  the  horizontal  arm  is  no  longer 
displaced — i.  e.,  until  the  portions  seen  outside  and  inside  of  the 
glass  form  an  unbroken  line.  The  apex  of  the  prism  contained  in 
the  glass  will  then  lie  in  the  direction  in  which  the  vertical  line  is 
displaced;  and  the  point  which  this  apex  occupies  on  the  circum- 
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Displacement  produced  by  a prism.  Determination  of  the  axis  of  a prism,  a right-angled  cross 
ABC  D,  is  seen  through  a glass  containing  a prism  (I)  The  apex  of  prism  does  not  lie  in 
line  with  either  arm  of  the  cross,  being  in  met  directed  toward  E.  1‘otl  arms  of  the  cross  will 
appear  displaced  bodily,  but  will  not  be  twisted.  The  amount  of  dmpla^ment  of  AB  indicates  the 
lateral  effect,  and  the  displacement  of  CD  the  vertical  effect  of  :*>e  orsm  when  in  this  position  If 
now  the  glass  is  rotated,  both  arms  will  appear  to  shift,  but  ea  -h  will  still  always  remain  parallel  to 
its  original  position.  (II)  The  glass  has  been  rotated  until  the  ^pex  of  the  prism  points  toward  C. 
CD  appears  unbroken,  while  A B is  displaced  toward  C,  anO  the  amount  of  its  displacement  now 
indicates  precisely  the  total  strength  of  the  prism.  (Ill)  Th.  glass  is  rotated  90°.  The  line  A B now 
appears  unbroken,  and  CD  is  deflected  toward  A.  T^e  apex  of  the  prism  points  toward  A,  and  the 
amount  of  deflection  of  CD  corresponds  precisely  tc  in  j strength  of  the  prism. 


ference  of  the  glass  will  be  indicated  by  the  point  where  the  horizontal 
arm  of  the  cross  cuts  that  circumference.  Thus  if  the  apex  of  the 
prism  was  at  45°,  both  i rms  of  the  cross  would  appear  broken  wrhen 
the  glass  was  held  in  its  ordinary  position.  When  we  rotated  the 
glass  so  that  its  45c  meridian  was  horizontal,  coinciding  thus  with 
the  horizontal  arm  of  the  cross,  that  arm  would  appear  unbroken 
but  the  vertical  arm  would  be  displaced  outward  toward  the  45° 
point  on  the  glass's  circumference. 

The  strength  of  the  prism  may  be  measured  either  by  measuring 
the  actual  maximum  displacement  of  one  of  the  cross-arms  on  a 
pi  isn- -scale,  such  as  Ziegler’s  (the  apex  of  the  prism  being  placed  in 
line  with  the  scale),  or  more  readily  by  neutralizing  the  displace- 
n ent  with  prisms  placed  over  the  glass  with  the  apex  directed  the 
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other  way.  The  strength  of  the  neutralizing  prism  equals  that  of  the 
prism  in  the  glass. 

Usually  the  strength  of  the  prism  that  a glass  contains  can  be 
determined  only  after  neutralizing  any  sphero-cylinder  that  it  may 
also  contain. 

In  thus  neutralizing  glasses  to  determine  the  sphere,  cylinder,  or 
prism  they  may  contain,  it  is  essential  that  we  look  precisely  through 
the  centre  of  the  glass  examined,  and  also  that  we  should  hold  the 
neutralizing  glass  in  close  contact  with  it. 

HYGIENIC  TREATMENT  OF  REFRACTIVE  ERRORS. 

In  myopia , particularly  when  progressive,  and  especially,  therefore, 
in  children,  we  should  be  careful  to  give  precise  rules  as  to  the  amount 


i!  Iti,  05. 


The  Chandler  adjustable  seat  and  desk. 


and  kind  of  work  that  the  patient  can  do,  and  insist  upon  proper 
lighting,  proper  hours  of  siudy,  and  plenty  of  sleep,  with  a good 
amount  of  out-of-dooi  exercise.  Use  of  the  eyes  by  artificial  light 
should  be  restricted,  or,  in  the  more  aggravated  cases,  entirely  for- 
bidden. It  is  also  ‘c  good  plan  to  have  the  patient  suspend  his  reading 


Fig. 
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or  other  work  every  fifteen  minutes  or  so,  for  a few  moments,  and 
during  this  interval  of  rest  either  sit  erect  or  actually  stand  up,  and 
look  off  into  the  far  distance. 

The  patient's  attitude  in  reading  or  writing  should  be  carefully 
looked  after.  He  should  not  be  allowed  to  bend  over  at  his  work, 


nor,  on  the  other  hand,  should  the  desk  be  so  high  as  to  bring  his 
work  unduly  close  to  the  eyes. 

Figs.  6*,  66,  and  67  illustrate  a form  of  adjustable  desk  well  adapted 
for  school  purposes. 

rhose  affected  with  progressive  myopia  should  be  discouraged  from 
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undertaking  any  very  fine  work,  such  as  book-keeping  or  sewing, 
requiring  close  and  continued  application.  It  is  particularly  impor- 
tant to  have  this  point  in  mind  when  selecting  a boy’s  future  life-work. 
In  very  high  myopia,  particularly  when  there  are  symptoms  of 
retinal  irritation,  total  abstention  from  near  work  is  often  required. 

In  the  transient  myopia  produced  by  spasm  of  accommodation , 
complete  abstention  from  near  work  may  be  required,  combined 
often  with  the  instillation  of  atropine  three  times  a day  for  several 
weeks. 


Fig.  67. 


Adjustment  of  seat. 


In  all  conditions  of  refraction  the  illumination  should  be  attended 
to  carefully.  The  ideal  illumination  is  that  afforded  by  diffuse  day- 
light. When  artificial  light  is  used,  this  also  should  be  as  diffuse  as 
possible.  Hence,  it  is  a mistake  to  have  a nrilliant  light,  particularly 
a shaded  light,  over  the  desk,  and  have  [he  rest  of  the  room  in  com- 
parative darkness.  There  should  bo  at  least  one  other  light  in  the 
room,  and  more,  if  necessary,  so  that  the  illumination  may  be  pretty 
evenly  distributed  all  over  it.  The  brilliancy  of  an  electric  or  a 
Welsbach  light  often  needs  tampering,  and  this  is  best  done  by  a 
very  light  amber  or  yell*  wisn  shade. 

Patients  complaining  of  photophobia  should  not  be  permitted  to 
wear  smoked  or  colm^d  glasses  unless  there  is  actual  disease  of  the 
fundus,  or  unless  th?  photophobia  is  due  to  some  quite  temporary 
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cause,  as  dilatation  of  the  pupil  from  instillation  of  atropine.  Other- 
wise, the  abnormal  sensitiveness  to  light  will  be  aggravated  by  the 
use  of  the  glasses,  and  the  patient  become  more  and  more  incapable 
of  using  the  eyes. 

In  hyperopia  and  astigmatism  we  sometimes,  on  account  of  the 
asthenopia  and  other  symptoms,  have  to  diminish  the  amount  by 
which  the  eyes  are  used,  and  increase  the  amount  of  open-air  exercise. 
But,  in  general,  hyperopia  and  astigmatism  furnish  no  absolute  bar 
to  eyework,  and  it  is  usually  a distinct  mistake  to  yield  too  much  to 
the  patient’s  complaints.  We  should  not,  in  the  absence  of  organic- 
disease  of  the  fundus,  encourage  the  patient  to  disuse  his  eyes  simply 
because  the  use  of  them  is  painful.  By  so  doing  we  may  initiate  a 
vicious  circle,  and  progressively  increase  the  patient’s  disability, 
instead  of  removing  it.  On  the  contrary,  moderate,  systematic,  and 
increasing  use  of  the  eyes  for  near  work  is  the  rule  in  such  cases. 
The  ophthalmologist  himself  should  give  careful  and  precise  direc- 
tions as  to  the  amount  and  kind  of  eye-work  to  be  done,  and  deter- 
mine by  experiment  how  rapidly  the  work  may  be  increased. 

Finally,  it  should  always  be  borne  in  mind  that  in  treating  refrac- 
tive errors  we  must  constantly  have  regard  to  the  general  condition 
of  the  patient  and  to  the  state  of  the  organs  other  than  the  eyes.  In 
many  cases  in  which  the  symptoms  seem  to  be  due  entirely  to  the 
eyes,  treatment  directed  to  the  general  condition,  to  the  nose  and 
throat,  or  to  the  pelvic  organs,  will  often  relieve  an  asthenopia  which 
glasses  have  failed  to  relieve,  and  in  not  a few  instances  will  render 
it  unnecessary  to  use  glasses  at  all. 


CHAPTER  IY. 


THE  MOTIONS  OF  THE  EYEBALL  AND  THEIR 
DERANGEMENTS. 

By  CASEY  A.  WOOD,  M.D. 

Anatomy  and  Physiology.  The  ocular  muscles  are  divided  usually 
into  internal  or  intrinsic,  and  external  or  extrinsic.  Although  it  is 
necessary,  for  convenience  of  reference,  to  speak  of  the  individual 
extrinsic  muscles,  both  the  single  and  associated  excursions  of  the 
eyes  may  be  regarded,  in  every  case,  as  compounded  of  movements 
due  to  actions  of  all  of  them.  The  iridic  and  ciliary  muscles  com- 
prise the  first  class,  while  six  others,  the  external  rectus,  internal 
rectus,  superior  rectus,  inferior  rectus,  superior  oblique,  and  inferior 
oblique,  niake  up  the  second.  These,  with  the  single  exception  of 
the  inferior  oblique,  form  a cone,  whose  apex  points  toward  the 
foramen  opticum,  while  its  base  envelops  the  eyeball  in  front  of  the 
equator.  According  to  Weiss,  if  the  axes  of  the  orbits  are  projected 
backward,  they  form  an  angle  of  from  20°  to  37°,  depending  upon 
race,  age,  and  the  peculiarities  of  the  individual.  These  considera- 
tions also  govern  the  conformation  of  the  muscular  cone,  affect  the 
degree  of  its  divergence,  and  may  even  determine  the  shape  of  the 
eyeball.  (Plate  III.) 

The  globe  itself  has  a centre  of  rotation  around  a point  in  its  antero- 
posterior axis.  In  the  emmetropic  eye  this  is  about  14  mm.  behind 
the  cornea  and  10  mm.  in  front  of  the  posterior  surface  of  ;be  sclera. 
The  ■primary  position  of  the  eye  is  that  in  which,  when  the  head  is  held 
erect,  the  gaze  is  directed  straight  forward  in  the  horizontal  plane. 
The  vertical  meridians  of  both  eyes  are  then  exac+ly  vertical  and 
parallel.  It  is  from  this  starting  point  that  tho  movements  of  the 
eyeball  are  considered. 

The  innervation  of  the  extrinsic  muscles  of  the  eye  is  easily  remem- 
bered. All  of  these,  as  well  as  the  levator  palpebras  superioris,  the 
ciliary  muscle,  and  at  least  one  of  the  iris  muscles,  are  supplied  by 
the  third  nerve,  except  the  exterra',  rectus,  which  is  supplied  by  the 
sixth  nerve,  and  the  superior  oblique  which  is  supplied  by  the  fourth. 

While  we  recollect  that  every  excursion  of  the  globe  is  attended 
by  more  or  less  contraction  or  lengthening  of  most  of  the  extrinsic 
muscles,  and  sometimes  by  action  of  the  internal  muscles,  we  have 
to  speak  of  the  probabD  action  of  the  individual  extrinsic  muscles. 
The  observations  of  S vanzy  appear  to  give  the  most  satisfactory 
explanation  of  th«  vaiious  and  complicated  movements  of  the  eyeball, 
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both  separate  and  associate,  and  consequently  they  are  adopted  for 
the  purposes  of  this  chapter.  Donders  proved  experimentally  that 
it  is  only  in  the  primary  position  and  when  the  eyes  are  turned 
directly  outward  or  inward,  downward  or  upward,  that  the  vertical 
meridian  maintains  its  vertical  direction.  When  the  eyes  are  turned 
in  other  directions,  there  is  always  a sort  of  wheel-motion  given  to 
the  globe,  and  the  vertical  meridian  of  each  normally  balanced  eye  is 
inclined  at  about  the  same  angle.  These  various  positions  of  the 
vertical  meridian  can  be  understood  best  by  a reference  to  the  actions 
of  the  various  muscles  in  the  associated  movements  of  the  eye  and 
by  a reference  to  the  figures.  The  author  just  quoted  points  out: 


Fig.  68. 


Showing  attachment  of  the  orbital  muscles  IU.  External  rectus.  Rs.  Superior  rectus.  Lp.  Leva- 
tor pal pebrse.  Os.  TV.  Superior  oblique  wi'L  it*  pulley.  Rm  Internal  rectus.  Oi.  Inferior  oblique. 
Pi.  Inferior  rectus. 


1.  In  the  primary  position  all  the  muscles  are  practically  at  rest. 

2.  Motion  of  the  eyeball  directly  outward  is  effected  by  the  external 
rectus  alone,  and  morion  directly  inward  by  the  internal  rectus  alone. 

3.  Motion  of  he  eyeball  directly  upward  and  directly  downward  is 
effected  mainly  by  aid  of  the  superior  and  inferior  recti.  At  the  same 
time  these  muscles,  acting  alone,  also  rotate  the  eyeball  directly  inward 
and  give  a certain  inward  inclination  to  the  vertical  meridian,  which, 
in  thic  position,  should  be  upright.  Consequently,  in  rotation  of  the 
grnbe  directly  upward  the  inferior  oblique,  which  rotates  the  eye 
Si’giitly  outward  as  well  as  upward  and  inclines  the  vertical  meridian 
outward,  must  be  associated  with  the  superior  rectus  in  order  to 
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counteract,  in  these  particulars,  the  tendency  of  its  action.  In  rota- 
tion of  the  eyeball  directly  downward,  the  inferior  rectus  must  be  asso- 
ciated with  the  superior  oblique,  which  acts  antagonistically  to  this 
straight  muscle,  in  respect  to  rotation  inward  and  to  outward  wheel- 
motion. 

4.  Rotation  upward  and  outward  is  effected  chiefly  by  aid  of  the 
superior  rectus  and  external  rectus;  but  the  latter  muscle  has  no  influ- 
ence over  wheel-motion,  while  the  former  produces  wheel-motion 
inward;  yet  the  inclination  of  the  vertical  meridian  is  outward  in  this 
position,  and  therefore  a third  muscle,  which  will  supply  this  inclina- 
tion in  a high  degree,  is  required,  namely,  the  inferior  oblique,  whose 
power  over  the  wheel-motion  of  the  eyeball  is  greatest  when  the 
latter  is  turned  upward  and  outward. 

5.  Rotation  downward  and  outward  is  effected  chiefly  by  the  rectus 
inferior  and  the  rectus  externus.  Inasmuch,  however,  as  the  former 
inclines  the  vertical  meridian  outward,  while  the  latter  has  no  influence 
over  it  at  all,  a third  force  is  required  which  will  bring  about  the  neces- 
sary inward  wheel-motion,  namely,  the  superior  oblique,  whose  influ- 
ence in  this  respect  is  most  powerful  when  the  eye  is  turned  down- 
ward and  outward. 

6.  Rotation  upward  and  inward  is  brought  about  chiefly  by  the 
rectus  superior  and  the  rectus  internus;  but  the  effect  of  the  former 
upon  the  inward  wheel-motion  of  the  eye  would  be  so  great  as  to  inter- 
fere with  parallelism  of  the  vertical  meridians  of  the  two  eyes,  that  of 
the  other  eye  not  being  inclined  outward  in  a corresponding  degree.  A 
third  force,  therefore,  is  required  which  will,  to  a certain  extent,  coun  • 
teract  the  influence  of  the  superior  rectus  in  this  respect,  and  thi=  is 
found  in  the  inferior  oblique,  which,  in  this  position  of  the  eyeball,  has 
but  slight  power  over  its  wheel-motion. 

7.  Rotation  downward  and  inward  is  chiefly  the  result  of  contraction 
of  the  inferior  rectus  and  the  internal  rectus.  The  power  of  ti  e former 
over  the  outward  inclination  of  the  vertical  meridian  would,  in  a 
similar  way,  be  too  great,  and  must  be  similarly  corrected  by  the 
action  of  the  superior  oblique. 

The  position  of  rest  is  probably  divergence  and,  n all  probability, 
even  a slight  degree  of  convergence,  as  well  as  parallelism  of  the  ocular 
axes,  is  maintained  by  more  or  less  effort. 

The  internal  rectus  arises  from  the  tendon  common  to  it  and  the 
inferior  rectus,  at  the  inner  aspect  ' f tne  optic  foramen,  and  runs 
forward  close  to  the  inner  wall  of  the  orbit,  to  be  inserted  into  the 
sclera  by  a tendinous  expansion  9 mm.  long  and  104  mm.  wide,  mm. 
from  the  sclerocorneal  junction. 

The  external  rectus  arises  from  the  greater  wing  of  the  sphenoid  by 
two  heads  that  become  united  and  form  the  body  of  the  muscle,  which 
runs  forward  close  to  the  external  wall  of  the  orbit.  It  is  attached  to 
the  sclera  by  a tendon,  0.8  mm.  long  and  9.5  mm.  wide,  about  7 mm. 
from  the  limbus  cornese. 


The  inferior  rectus  arises  from  the  tendon  common  to  it  and  the 
internal  rectus,  and  runs  forward  on  the  floor  of  the  orbit,  and  is 
attached  to  the  globe  by  an  aponeurosis  6 mm.  long,  9 mm.  wide, 
and  about  7\  mm.  from  the  sclerocorneal  junction. 

The  superior  rectus  arises  from  the  upper  edge  of  the  optic  foramen 
from  the  common  tendon.  It  passes  forward  just  beneath  the  levator 
palpebra?  superioris  and  is  inserted  into  the  sclerotic  8 mm.  from  the 
sclerocorneal  junction.  Its  tendon  is  6 mm.  long  and  10£  mm.  wide. 

The  superior  oblique  arises  from  the  lesser  wing  of  the  sphenoid,  * 
passes  forward  along  the  inner  wall  of  the  orbit,  where  it  becomes 
tendinous  and  forms  a pulley-like  adjustment  which  plays  within  a 
fibrous  ring  situated  in  the  trochlear  fossa.  The  direction  of  the 


Fig.  69. 


Horizontal  section  of  the  eye  in  the  orbit,  sho>>ng  the  relative  attachment  of  external  and 

interr  >1 

muscle  now  changes,  and  it  proceeds  backward,  downward,  and  out- 
ward at  an  angle  of  55°  passes  beneath  the  superior  rectus,  and  is 
inserted  into  the  sclero  ic  between  the  cornea  and  the  optic  nerve 
about  17  mm.  from  the  corneal  limbus.  The  width  of  the  aponeurotic 
insertion  of  this  curious  muscle  into  the  globe  varies  from  7 mm.  to 
15  mm.  It  is  one  r>f  the  principal  factors  in  globar  rotation,  turning 
the  upper  pa<  of  the  vertical  meridian  inward. 

The  inferior  oblique  arises  from  the  anterior  third  of  the  floor  of 
the  orbit,  in  a pit  situated  in  the  superior  maxillary  bone.  It  then 
proceeds  outward,  backward,  and  upward,  beneath  the  inferior  rectus 
muscle,  to  be  inserted  into  the  sclerotic  between  the  inferior  and 
external  recti  on  the  posterior  half  of  the  globe,  17^  mm.  from  the 
sclerocorneal  junction. 
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Tenon’s  Capsule.  That  we  may  the  better  understand  the  attach- 
ments of  the  various  extrinsic  muscles,  it  is  necessary  to  say  some- 
thing about  the  closed  sac  known  as  Tenon's  capsule.  This  mem- 


Fig.  70. 
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Fig.  71 


Schematic  representation  of  'nr  insertion  of  the  extra-ocular  muscles  into  the  globe,  showing  the 
distance  of  the  same  from  tv.<  Cv.~^.eal  limbus.  I.  Superior  aspect  of  the  globe.  II.  Medial  aspect. 
III.  Inferior  aspect.  IV.  Lai  9rJ,l  aspect.  8.  Rect.  sup.  i.  Rect.  inf.  to.  Rect.  int.  1.  Rect.  ext. 
os.  Obi.  sup.  oi.  Obi.  in.* 
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brane  envelops  the  greater  portion  of  the  eyeball,  and  is  united 
behind,  as  well  as  in  front,  to  form  a closed  cavity.  It  is  attached 
close  to  the  optic  foramen,  and,  passing  forward,  becomes  loosely 
adherent  to  the  sclerotic.  Anteriorly  it  is  attached  to  the  conjunc- 
tiva by  connective  tissue,  and  extends  to  within  3 mm.  of  the  corneal 
junction.  Its  cavity  forms  a large  lymph  space  lined  by  endothelium. 
The  tendons  of  all  the  extrinsic  muscles,  the  obliques  behind  and 
the  straight  muscles  in  front,  pierce  the  capsule  without  interfering 
with  its  function  as  a closed  lymph  space.  The  ciliary  nerves  like- 
wise pass  through  Tenon's  capsule,  which,  let  it  be  noted,  also  com- 
municates through  the  sclera  with  the  suprachoroidal*  and  perineural 
lymph  spaces.  In  this  way  it  connects  the  intercorneal  lymph 
spaces  with  the  exterior  of  the  eye.  When  a muscular  tendon  or 

nerve  trunk  passes  through  this  mem- 
brane a portion  of  the  latter  extends 
along  its  external  surface,  thus  strength- 
ening their  connections  with  the  sclera. 
B We  may  then  regard  the  combined 
tendons  of  the  straight  muscles,  in  con- 
junction with  Tenon's  capsule,  as  form- 
ing a complete  envelope  about  the  eye- 
ball, and  this  fact  must  be  reckoned  with 
in  operating  on  the  former.  Ad  incision 
sometimes  fails  to  reach  the  muscular 
tendon,  because  both  1 avers  of  the  cap- 

temjS\rgamem"NSEfLaEnd  ^ h.aV?  n0t  been  divid°d.  ^<1  because, 
rebee.)  also,  it  is  not  bo^ne  in  mind  that  pro- 

longation from  the  capsule  itself  and 
what  are  known  as  the  “ check  ligaments  ” may  interfere  materially 
with  the  results  desired.  (Fig.  72.)  This  is  especially  the  case  when 
these  ligaments  are  abnormally  developed.  It  is  not  an  uncommon 
experience  to  find,  even  after  the  most  complete  division  of  the 
tendon,  that  relative  positions  of  the  globes  are  unaffected  because 
of  these  connections  between  the  muscular  tendons,  the  capsule  of 
Tenon,  and  the  check  ligaments. 

As  a rule,  however,  the  a(  tion  of  the  check  ligaments  is  a normal 
one;  they  probably  prevent  or  retard  overaction  of  the  adductors 
and  abductors,  as  shown  in  Figs.  73  and  74. 

The  blood  suppl  y of  the  muscles  is  derived  from  the  ophthalmic 
artery,  through  minute  muscular  branches,  shortly  after  it  enters 
the  orbit  through  the  optic  foramen.  These  capillaries  are  tortuous 
and  looselv  attached  to  their  surroundings,  so  that  the  movements 
of  the  globe  and  the  shortening  and  lengthening  of  the  muscles  them- 
selves do  not  interfere  with  their  continuity.  It  sometimes  happens 
tluv  cutting  of  these  small  vessels  gives  rise  to  profuse  hemorrhage, 
but  this  is  rarely,  or  never,  a serious  matter.  The  arteries  are  accom- 
panied by  veins  of  the  same  name. 
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Nerve  Supply.  It  is  desirable  to  say  something  further  about  the 
innervations  of  the  various  muscles.  The  areas  in  the  cortex  asso- 
ciated with  the  movements  of  the  eyeball  are  not,  as  yet,  precisely 
located.  They  are  probably  in  front  of  the  large  motor  area,  close 
to  the  neuron  that  presides  over  the  facial  muscles,  and  undoubtedly 
have  a near  association  with  Broca’s  speech  centre.  The  basal  nuclei 
are  regarded  generally  as  lying  well  within  the  gray  matter  in  the 
aqueduct  of  Sylvius  and  on  the  floor  of  the  fourth  ventricle,  most 
of  them  just  beneath  the  corpora  quadrigemina.  According  to  the 
arrangement  of  Stuelp,  the  subcortical  nuclei  of  the  internal  eye 
muscles  are  situated  in  the  anterior  portion  of  the  third  nerve  nucleus. 
These  fibres  supply  the  ciliary  muscle  and  the  sphincter  iridis.  Imme- 
diately hehind  them  are  the  nuclei  of  all  the  external  muscles  supplied 
by  the  third  nerve.  Still  further  back  are  the  nerve  cells  which  con- 
stitute the  nucleus  of  the  fourth  nerve  that  supplies  the  superior 

Fig.  73.  Fig.  74. 

i.  c.  l.  e.  c.  l.  i.  c.  l.  e.  c.  l. 


Fig.  73. —The  check  ligaments  during  partial  contraction  of  the  external  rectus  muscle,  the  in 
ternal  check  ligament  (I.  C.  L.)  being  in  a state  of  maximum  relaxation,  and  the  external  (E.  H.  L.) 
somewhat  stretched.  (Motais.) 

Fig.  74.— Diagram  intended  to  show  how,  during  full  contraction  of  the  external  reeLus,  the 
external  check  ligament  {E.  C.L.)  is  stretched  to  its  maximum  length,  and  the  internal  (7.  C.  L ) 
is  slightly  stretched  also.  (Motais.) 

oblique;  and,  finally,  still  behind  these  are  the  nucleoli  of  the  sixth 
nerve  that  governs  the  external  rectus.  All  of  these  nerve  centres 
are  connected  with  one  another  by  nerve  fib.cs  +hat  run  from  one 
nucleus  to  the  other.  It  should  not  be  forgotten  that  minute  ner- 
vous connections  probably  exist  between  the  motor  neurons  govern- 
ing the  various  eye  muscles,  and  all  the  other  nerve  centres. 

That  the  individual  may  fix  both  eves  with  ease  upon  objects  dis- 
tant and  near,  and  obtain  binocular  vision  in  all  parts  of  the  field  of 
vision,  it  is  necessary  that  a certain  balance  exist  between  the  forces 
that  rotate  the  eyes  in  various  b:rections.  Moreover,  both  eyeballs 
must  be  steadied  in  their  fixation.  We  must  believe  consequently 
that  all  the  external  muse  es  are,  during  the  waking  hours,  in  a state 
of  unconscious  tonic  contraction,  and  that  every  act  of  sight  is  accom- 
panied by  more  or  less  expenditure  of  nerve  force. 

Convergence.  A state  of  divergence  of  the  visual  axes  being  the 
probable  condition  jf  rest,  parallelism  and  convergence  require  more 
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or  less  nervous  effort.  The  axes  may,  however,  be  made  to  cross 
until  they  form  a very  wide  angle,  estimated  to  vary  in  individuals 
from  45°  to  65°.  When  the  eyes  converge  there  is  not  only  con- 
traction ol  the  internal  rectus,  but  of  the  superior  and  inferior  recti, 
and  of  the  iridic  and  ciliary  muscles.  It  is  very  likely,  also,  that 
other  muscles  of  the  eye,  as  before  noticed,  take  part  in  this  act  of 
convergence  by  a sort  of  modified  contraction,  so  as  to  steady  the  eye. 
One  method  of  measuring  convergence  is  by  means  of  a prism,  apex 
in,  placed  before  either  eye— prism  convergence.  (See  page  159.) 

Divergence.  It  is  very  likely  that  in  a state  of  absolute  rest  the 
visual  axes  diverge  8°  to  10°  from  parallelism,  and  this  may  be  demon- 
strated by  making  use  of  prisms,  apex  out.  Indeed,  it  may  with  truth 
be  affirmed  that  convergence  should  be  regarded  as  beginning  at  this 
point.  Hence,  we  have  the  term  negative  convergence,  because  from 
a state  of  divergent  rest  we  proceed  to  parallelism  and  then  to 
convergence.  The  nearest  point  at  which  a very  small  object  can 
be  seen  singly,  with  both  eyes,  constitutes  the  jus-ion  near  -point . 
The  divergent  power  in  any  individual  may  be  measured  by  finding 
the  highest  prism,  apex  out,  that  can  be  held  before  either  eye 
without  producing  double  images  of  a candle  flame  6 m.  distant- 
prism  divergence. 

Deorsumvergence.  When  the  eyes  are  turned  downward  it  is 
mainly,  as  we  know,  through  the  contraction  of  the  superior  oblique 
and  the  inferior  rectus,  and  this  act  is  termed  deorsunn  ergence. 

Sursumvergence  refers  to  the  act  of  turning  the  eyes  upward. 

Associated  Movements.  So  far,  reference  has  only  been  made  to 
the  fact  that  it  is  necessary  for  binocular  vision  that  both  eyes  be 
rotated  in  precisely  the  same  direction.  With  properly  balanced 
muscles,  every  movement  of  one  eye  is  associated  with  an  instant 
and  equal  rotation  of  the  other  eye.  Thus,  it  is  impossible  to  turn 
one  eye  up  and  the  other  down,  or  both  oyes  outward,  as  that  would 
produce  an  annoying  double  vision  ana  interfere  with  binocular  sight. 
On  the  other  hand,  owing  mainlv  to  an  arrangement  of  the  nerve 
fibres  in  the  central  neurons  presiding  over  the  various  eye  muscles 
the  associated  movements  of  the  eyes  are  so  arranged  as  instantly  to 
fix  corresponding  retinal  points  upon  images  perceived  by  the  brain. 

Accommodation-convergence.  With  every  effort  of  convergence  there 
goes  a certain  amount  of  accommodation.  Although  within  reason- 
able limits  accommodation  and  convergence  are  constant,  one  may 
be  increased  or  diminished  a little  with  reference  to  the  other  with- 
out disturbing  symptoms.  For  example,  before  the  normal  eye 
of  an  individual  a concave  glass  may  be  placed,  and  yet,  with  a 
slight  off  o’  t,  an  object  at,  say,  three  feet  distance  will  be  readily  and 
distinctly  .een.  In  the  same  way  a convex  glass  still  enables  a 
person  before  whose  eye  it  is  placed  to  see,  with  both  eyes  together, 
the  same  object  distinctly  and  at  the  same  distance.  For  the  more 
definite  measurement  of  convergence  efforts  the  term  metre  angle  is 


MOTIONS  OF  THE  EYEBALL  AND  THEIR  DERANGEMENTS.  153 


used.  This  is  the  angle  which  the  visual  line  makes  with  the  median 
line  of  the  face,  the  latter  being  drawn  at  right  angles  to  the  base 
line  (interocular  base  line)  joining  the  centres  of  rotation.  The 
angle  formed  by  the  median  line  and  the  visual  line  at  a point  1 m. 
distant  from  the  base  line  is  termed  1 metre  angle.  An  object 
seen  \ metre  distant  from  the  eye  would  require  twice  as  much  con- 
vergence as  that  seen  at  1 m. ; convergence,  therefore,  at  this  point, 
would  be  2 metre  angles;  at  \ m.  distance  it  would  be  3 metre  angles, 
at  \ m.,  or  25  cm.,  it  would  be  4 metre  angles,  etc.  On  the  other 
hand,  an  object  seen  at  2 m.  distance  would  require  only  one-half 
the  amount  of  convergence  to  fix  it  at  1 m.;  convergence  here, 
then,  equals  \ metre  angle — in  other  words,  0.  = ^ m.  a.  Where 
both  eyes  are  normal  and  emmetropic , as  many  metre  angles  of  con- 
vergence are  required  as  there  are  dioptres  of  accommodation . 

The  angle  gamma  is  that  formed  at  the  centre  of  rotation  by  the 
optic  axis  and  the  line  of  fixation.  It  should  not  be  confused,  as  it 
sometimes  is,  with  the  angle  alpha  formed  at  the  nodal  point  by 

Fig.  75. 


Dotted  line  indicates  direction  which  the  projected  beam  takes.  (Hansell  and  Rfbe.\) 

the  visual  axis  and  the  major  axis  of  the  corneal  ellipse  vn  meas- 
uring the  angle  gamma,  it  is  well  to  make  use  of  the  perimeter.  The 
patient  is  placed  in  the  primary  position,  with  his  elm  on  the  chin- 
rest  and  gazing  at  the  fixation  point.  A small  carcfle  is  moved  along 
the  perimeter  arm  until  it  is  reflected  from  the  exact  centre  of  the 
cornea  into  the  eye  of  the  observer  gazing  at  it  immediately  behind 
the  flame.  This  point  is  read  off  in  degrees  "pon  the  perimeter  arc. 
The  angle  varies  from  4°  to  6°. 

Prisms.  One  cannot  properly  understand  the  contractile  or  rotary 
power  of  the  eye  muscles  without  ha  zing  a proper  idea  of  the  effect 
of  prisms  upon  beams  of  light  aim  upon  the  position  of  the  images 
cast  upon  the  retina.  A prism  is  a piece  of  glass  whose  refracting 
surfaces  are  inclined  toward  each  other  so  as  to  form  an  angle  whose 
degree  is  commonly  employ  ed  tc  designate  its  particular  prism.  This 
also  forms  its  edge  or  apex.  The  angle  subtends  the  thicker  portion 
or  base  of  the  prism.  A ray  of  light,  instead  of  passing  through 
unchanged  in  direction,  is  bent  in  its  course  from  the  perpendicular 
toward  the  base  of  the  prism,  and  if  the  eye  be  placed  in  the  path 
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of  the  light  ray  after  it  has  passed  through  the  prism,  the  luminous 
body  from  which  it  emanates  will  not  be  seen  in  its  true  position,  but 
in  the  direction  of  the  visual  line  projected  beyond  the  glass.  This  is 
in  accordance  with  the  law  of  projection.  The  prism  projects  the 
ray  of  light  to  a false  position  on  the  retina,  and  the  retinal  elements 
perceive  the  object  as  coming  from  a straight  line,  the  continuation 
of  the  visual  axis.  When  a prism  is  placed  in  front  of  one  eye,  and 
the  visual  image  is  thus  projected  upon  an  unusual  part  of  the  retina, 
an  effort  is  at  once  made  by  the  nerve  centres  so  to  adjust  the  eye  that 
binocular  vision  may  result.  If  the  apex  of  the  prism  be  directed 
immediately  inward,  the  task  of  accomplishing  this  is  laid  upon  the 
muscles  that  rotate  the  eye  inward— the  adductors,  the  chief  of 
which  is  the  internal  rectus. 

We  know  from  experience  that  after  a few  trials  the  adductors  of 
normal  eyes  can  overcome  in  this  way  the  diplopia  that  would  other- 
wise be  produced  by  prisms  as  high  as  40°  or  50°.  Normal  adduction 
is  thus  said  to  be  about  40°  or  50°.  On  the  contrary,  when  the  apex 
of  the  prism  is  directed  immediately  outward  before  one  of  the  eyes, 
the  task  of  overcoming  the  diplopia  must  be  made  by  the  muscles 
that  rotate  the  eye  outward,  chiefly  the  external  rectus.  Abduction 
measured  by  prisms  is  in  the  normal  eye  about  one-fourth  that  of 
adduction,  namely,  10°.  In  the  same  way  we  find  that  infraduction 
and  supraduction  (prisms  up  or  down  before  each  eve)  may  be 
measured  in  terms  of  the  power  required  to  overcome  the  diplopia 
that  would  otherwise  be  produced.  This  varies  from  2 5 to  4°. 

Abduction,  as  found  at  the  first  office  examination , is  fairly  constant, 
and  in  normal  eyes  will  rarely  fall  below  7°  The  ratio  between 
adduction  and  abduction  (prism  divergence)  for  twenty  feet  ranges 
from  8:1  to  2£:1.  No  arbitrary  standard  .-an  be  fixed  as  yet, 
simply  because  the  figures  thus  far  offer  id  have  been  largely  a matter 
of  personal  equation. 

Field  of  Fixation.  An  examination  of  the  movements  of  the  eye- 
balls should  determine  the  rotating  powers  of  the  muscles  of  each 
eye.  When  these  extreme  points  have  been  found  and  connected, 
they  constitute  the  monocular  f,eld  of  fixation.  The  writer,1  several 
years  ago,  adjusted  the  perimeter  to  mark  out  this  territory.  Instead 
of  having  an  object  attached  to  the  carrier  on  the  perimeter  arm 
in  the  usual  way,  he  used  a simple  device  whereby  the  rotation 
of  the  globe  in  any  direction  is  rapidly  and  easily  measured.  Four 
strips  of  unglazed  parchment  paper  have  printed  on  them  words 
of  two  letters  corresponding  to  Jaeger  XI.  at  50  cm.,  placed  between 
as  well  as  below  figures  representing  the  degrees  of  latitude  on  the 
perimeter  arc.  These  strips  are  together  placed  in  position  on  the 
arm  of  the  perimeter  (Fig.  76),  the  patient’s  head  being  in  the 
primary  position,  and  he  is  asked  to  read  the  lower  line  as  far  away 
from  the  centre  as  possible.  This  accomplished,  he  is  requested  to 

1 Journal  of  the  American  Medical  Association,  1896. 
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give  the  figure  placed  above  the  word  just  recognized,  and  to  try 
to  read  farther  out  additional  letters  on  the  figure  line.  Each  word 
beyond  represents  about  one  degree  on  the  scale,  and  the  number  of 
words  so  read  added  to  the  previous  figure  gives  the  limit,  in  degrees, 
of  the  field  in  that  direction.  As  each  quadrant  of  the  circle  is 
passed  over,  a slip  of  paper  is  removed,  revealing  the  next  paper, 
whose  lettering,  being  different,  suggests  nothing  to  the  person 
under  examination.  After  many  perimetric  examinations  with  this 
device,  the  limits  of  the  monocular  fixation  field  were  found  to  corre- 
spond closely  with  the  figures  of  Landolt: 


Directly  out  45°) 

Directly  in  45°i  90 

Directly  down  50° | 
Directly  up  43°  ) 9 


Out  and  down  47°  ) 

In  and  up  45°  i 9 
Down  and  in  38°  1 0 

Up  and  out  47°)  80 


Stevens’  tropometer. 


Fig.  77. 


The  binocular  field  of  fixation  is  by  no  means  identical  with  the 
field  of  binocular  single  vision,  although  its  borders  are  about  the 
same.  Duant  finds  that  the  upward  limit  of  the  monocular  field  to 
be  about  45",  downward  about  70°,  right  and  left  55°.  These  rota- 
tions vary  with  age  and  with  the  form  and  position  of  the  globe. 
Doubtless  the  best  method  of  measuring  the  rotations  of  the  eye, 
and,  consequently,  the  field  of  fixation,  is  by  means  of  Stevens’ 
tropometer.  (Fig.  77.)  As  we  shall  hereafter  find,  it  is  neces- 
sary to  know,  so  far  as  it  can  be  determined,  whether  a particular 
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muscular  imbalance  is  due  to  weakness  or  spasm  of  some  particular 
muscle  or  muscles.  For  this  purpose,  the  rotation  power  of  the  globe 
in  all  directions  as  measured  by  the  methods  just  described  will  be 
found  of  extreme  value. 

Another  useful  instrument  for  the  measurement  of  convergence  and 
its  relation  to  divergence  is  the  Landolt  ophthalmodynamometer. 
In  it  we  possess  a method  comparable  to  the  measurement  of  the 
amplitude  and  range  of  accommodation  by  noting  the  relative  posi- 
tion of  the  punctum  proximum  and  the  punctum  remotum  of  conver- 
gence. This  device  consists  of  a black  metal  case  fitted  over  a candle. 
This  cylindrical  case  is  pierced  by  various  openings,  the  most  valuable 
of  which  is  a narrow  slit  through  which  the  candle-light  can  be  seen  as 
a streak  of  light.  Just  below  each  one  of  the  openings  is  a hook  to 


Fig.  78. 


Landolt’s  ophthalmodynamometer. 


which  is  attached  a tape-measure  marked  in  centimetres,  and  on  the 
other  side  the  metre  angles  corresponding  to  fhem.  The  candle  is 
held  directly  in  front  of  the  patient's  face,  gradually  approaching  it, 
until  the  light  streak  becomes  doubled.  The  tape  indicates  in  cen- 
timetres this  distance  (which  is  the  punctum  proximum  of  conver- 
gence) as  well  as  the  amount  of  convergence  in  metre  angles.  We 
have  seen  that  the  number  of  centimetres  distant  from  the  in- 
terocular base  line  to  the  point  of  doubling  divided  into  100  gives 
the  number  of  metre  angles  of  convergence.  If  the  double  vision 
occurs  at  10  cm.,  we  know  da^  tne  patient  possesses  10  metre  angles 
of  convergence.  The  punctum  remotum  of  convergence  may  be 
obtained  by  having  the  patient,  with  his  head  in  the  primary  posi- 
tion, fix  a point  of  light,  say,  a candle  flame,  at  6 m.  and  find  the 
strongest  prism,  ap(  x out,  before  one  eye,  that  can  be  overcome 


without  producing  diplopia.  We  then  divide  the  number  of  that 
prism  in  degrees  by  seven,  and  thus  obtain  in  metre  angles  the 
amount  of  negative  convergence  of  each  eye.  If  the  prism  be  6°,  he 
has  0.85  metre  angle;  if  7°,  1 metre  angle,  and  if  9°,  1.28  metre 
angles,  and  so  on.  The  average  amount  of  convergence  in  the  normal 
condition  is  about  10  metre  angles. 

Many  are  the  devices  that,  in  addition  to  those  mentioned,  have 
been  employed  for  estimating  the  excursion  powers  of  the  ocular 
muscles.  Probably  the  best  of  these  are  the  Risley  rotating  prism, 
the  Maddox  rods,  the  monocular  phorometer  of  Savage,  and  the 
Gould  and  Noyes  prism  batteries.  • 

Heterophoria,  Heterotropia.  Deviations  from  the  normal  balance 
of  the  eye  muscles  have  received  various  names,  and  we  have  only  to 
mention  insufficiency  or  weakness  of  convergence  to  indicate  one  phase 
of  what  Gould  has  very  properly  termed  “ muscular  imbalance.” 
The  nomenclature  of  Stevens  has  been  most  widely  accepted. 
Normal  muscle  balance  he  terms  orthophoria;  abnormal  balance, 
or  imbalance,  heterophoria.  Hyperphoria  is  a tendency  of  the 
visual  axis  of  one  eye  to  deviate  above  that  of  the  other;  hypophoria 
is  a tendency  of  the  visual  axis  of  one  eye  to  deviate  below  that  of 
the  other;  exophoria , a tendency  of  the  visual  axes  outward; 
esophoria , a tendency  of  the  visual  axes  inward ; hyper  exophoria,  a 
tendency  of  the  visual  axis  of  one  eye  upward  and  outward;  hypo - 
exophoria , a tendency  of  the  visual  axis  of  one  eye  to  deviate  down- 
ward and  outward;  hyper  esophoria,  a tendency  of  the  visual  axis  of 
one  eye  to  deviate  outward  and  inward;  hypoesophoria,  a tendency 
of  the  visual  axis  of  one  eye  to  deviate  downward  and  inward. 
To  this  list,  Savage  has  added  insufficiency  of  the  oblique  eye 
muscles,  or  cyclophoria  ; and  Duane,  a defect  of  power  of  some  par- 
ticular eye  muscle — hypokinesis — excess  in  action  of  a particular 
eye — hyperkinesis — while  irregular  action  of  an  individual  muscle  is 
styled  parakinesis . Where  the  visua.  axis  exhibits  something  more 
than  a tendency  toward  abnormal  excursion,  the  termination  “ tropia” 
is  used,  instead  of  “phoria;”  thus,  in  exotropia  the  visual  axis,  as 
compared  with  that  of  the  opposite  eye,  does  visibly  turn  outward. 
It  sometimes  happens  that  in  the  same  individual  there  may  be,  for 
example,  a hyperphoria  for  near  fixation,  and  a manifest  hypertropia 
when  he  gazes  in  the  distance. 

The  term  “ insufficiency  of  the  ocular  muscles  ” corresponds  to  von 
Graefe’s  dynamic  strabismus.  The  test  which  in  von  Graefe’s  time 
was  commonlv  made  of  the  convergence  power  is  a simple  one:  The 
patient  is  asked  to  fix  an  object  held  directly  in  front  of  his  face,  at  a 
distance  of  i in.  This  is  gradually  approached  to  within  10  or  15  cm.  of 
the  eves.  Tf  there  be  weakness  of  convergence,  the  eye  with  the  weaker 
internal  rectus  usually  turns  out.  Another  well-known  and  useful  test 
is  I/O  ask  the  patient  to  fix  a dot  upon  the  card  held  a little  below  the 
horizon,  25  cm.  from  the  eyes.  One  eye  is  then  covered,  and  the  other 
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eye  is  watched  to  determine  whether  it,  behind  the  cover,  deviates 
outward,  inward,  upward,  or  downward.  If  there  be  no  deviation 
after  first  one  eye,  and  then  the  other,  has  been  covered  and  uncovered, 
one  may  decide  that  there  is  little  or  no  imbalance  of  the  muscles. 

For  testing  the  functions  of  the  muscles  that  produce  vertical  excur- 
sions, a 10°  or  15°  prism  is  placed,  base  in,  before  either  eye,  taking 
care  that  the  prism  axis  is  exactly  horizontal. 

If  the  double  images  thus  produced  at  20 
feet  or  6 m.  are  on  the  same  level,  there  is 
no  hyperphoria.  In  much  the  same  way, 
the  functions  of  the  lateral  muscles  may, 
under  similar  conditions,  be  tested.  A 7°  or 
8°  prism  is  placed  base  up  or  down,  before 
one  eye.  This  produces  vertical  diplopia. 

If  one  image  is  seen  directly  over  the  other, 
there  is  no  excess  of  divergence  or  conver- 
gence. 

There  are  several  methods  of  testing  the 
balance  of  the  muscles  at  the  near  point  or 
ordinary  working  distance,  which  varies  ac- 
cording to  the  occupation  from  25  cm.  to  40 
cm.  For  all  practical  purposes  we  may 
employ  it  at  30  cm.  A card  having  a small 
dot  and  a fine  line  drawn  through  the  latter 
is  placed  at  this  distance,  just  below  the 
horizon.  Vertical  diplopia  having  been 
produced  in  the  manner  just  mentioned,  the 
double  images  will  be  found,  in  equilibrium, 
to  stand  directly  above  the  other.  When 
crossed  or  homonymous  deviation  is  pro- 
duced, we  know  that  there  is  insufficiency 
or  excess  of  convergent  power,  and  the 
prism  that  restores  the  images  to  their 
normal  position  represents  the  amount  of 
imbalance. 

Another  useful  method  of  determining  the 
power  of  adduction  or  prism-convergence, 
abduction  or  prism-divergence  and  sursum- 
duction,  is  by  finding  the  strongest  prism 
which  the  lateral  and  vertical  muscles  can  Gould’s  prism  battery, 
overcome. 

Adduction  is  tested  when  tht  parient,  with  his  head  in  the  primary 
position  6 m.  from  a candle  cr  other  flame,  endeavors  to  overcome  the 
double  images  produce;!  by  a prism,  apex  in,  placed  before  one  or  the 
other  eye.  One  should  begin  with  a weak  prism,  and  gradually  increase 
it  until  the  diplopia  is  such  that  no  effort  on  the  part  of  the  patient 
succeeds  in  fusing  the  double  images.  It  should  be  remembered 


Fig.  79. 
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that  the  adductive  power  is  often  greater  by  several  degrees  when  the 
prism  is  placed  before  one  eye  than  when  it  is  held  before  the  other; 
that  the  images  should  always  be  kept  in  the  same  horizontal  line;  and 
that  the  eye  should  be  encouraged  to  fuse  them  by  bringing  the  candle 
flame  to  within  2 or  3 feet  of  the  patient’s  face  and  gradually  carry- 
ing it  to  infinity,  or  20  feet  distant.  Another  method  of  inducing 
fusion,  and  thus  measuring  the  total  adducting  power,  is  to  ask  the 
patient  to  fix  the  end  of  his  finger,  held  20  cm.  in  front  of  his  eyes,  and 
then,  immediately  afterward,  to  gaze  at  the  more  distant  candle 
flame.  The  average  of  adducting  power  at  the  first  trial  varies  from  30° 
to  50°,  in  patients  with  normal  eyes.  Gould  and  Lippincott  have 
described  the  space  between  the  least  and  greatest  power  of  adduc- 
tion as  the  “ region  of  diplopia.” 

The  power  of  abduction  is  in  the  same  way  tested  with  a prism  hori- 
zontally placed;  it  will  then  be  found  that  in  normal  eyes  a prism 
of  from  6°  to  8°  will  be  overcome.  In  measuring  sursumduction, 
a prism  is  placed  with  its  base  up  before  one  eye;  the  highest 
degree  that  can  be  overcome  is  noted.  In  all  examinations  made 
at  6 m.,  the  ametropia  should  be  corrected  for  the  distance,  and,  in 
the  same  way,  when  a near  test  is  employed,  reading-glasses  should 
be  used. 

A very  convenient  and  useful  method  of  gradually  increasing  the 
strength  of  the  prisms  in  measuring  the  power  of  rotation  ^pos- 
sessed by  the  extrinsic  muscles  in  a particular  case,  is  the  j vism  bat- 
tery of  Gould,  modified  from  the  one  first  suggested  by  Moves.  (Fig. 
79.)  A series  of  prisms  increases  on  each  side  of  a central  slide  by 
1°  up  to  20°,  then  by  2°  up  to  40°.  The  prisms  ir.ay  be  revolved  upon 
a pivot  so  as  to  present  bases  up,  down,  in,  or  out.' 

Red  Glass  Test.  If  a red  glass  be  placed  before  one  eye,  binocular 
vision  is  overcome  in  most  cases  of  heterorhoria,  and  two  images, 
one  red  and  the  other  yellowish,  of  a cendle  or  other  flame  are  ob- 
served. The  relative  positions  of  these  lights  is  a fairly  reliable 
indication  of  the  form  and  amount  of  the  imbalance;  indeed,  it  fur- 
nishes an  easy  though  rough  test,  o*  the  heterophoria  present.  The 
prism  needed  to  fuse  the  two  images  furnishes  the  degree  of  the  latent 
deflection.  (Plate  IV.) 

Instruments  used  in  testing  the  balance  of  the  extrinsic  eye  muscles 
are  based  mainly  upon  the  foregoing  methods.  That  is  to  say,  the 
impulse  for  binocular  flxation  is  nullified  as  far  as  possible,  so  that 
each  eye  may  be  n bated  to  a point  which  represents  the  strength 
of  its  muscles  with  other  factors  eliminated. 

The  Photometer  of  Stevens.  Double  vision  is  produced  by  a prism, 
base  down  or  up,  before  one  eye,  for  the  examination  of  the  power 
of  the  lateral  muscles,  another  prism,  base  in  or  out,  being  used  for 
measuring  the  power  of  the  vertical  muscles.  It  is,  in  effect,  a more 
accurate  application  of  the  prism  tests  just  described,  and  may  be 
employed  for  examination  both  for  the  distant  or  the  near  point. 
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Red  Glass  over  Right  Eye. 
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Knowing  its  limitations,  and  allowing  for  its  liability  to  error,  it  is 
probably  the  best  instrument  that  we  possess  for  measuring  hetero- 
phoria. 


The  Risley  Prism,  consisting  of  two  superimposed  prisms,  with 
their  bases  in  opposite  directions,  may  be  used  with  the  trial  frame. 
This  is  an  application  of  Herschel’s  plan,  who  showed  that  by  rotatin 
two  prisms  in  opposite  directions  we  can  produce  the  effect  of 
single  increasing  prism.  With  this  device  the  amount  of  adduction, 
abduction,  and  sursumduction  may  readily  be  measured. 


The  Maddox  simple  or  compound  rod  is  preferred  by  many, 
because  the  line  or  streak  of  light  that  appears  to  the  eye  looking 
through  it,  is  less  likely  to  be  fused  than  are  two  similar  light-objects 
when  diplopia  is  bi  ought  about  in  the  usual  way.  In  orthophoria, 
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the  candle  flame  (seen  as  a streak  of  light  by  the  eye  before  which 
the  rod  is  placed)  passes  through  the  candle  flame  seen  by  the  other 


A 


Fig.  83. 
B 


C 


Maddox’s  rod-test  for  horizontal  deviation ; the  rod  is  before  the  right  eyo.  A.  The  line  passes 
through  the  flame — orthophoria.  B.  The  line  passes  to  the  right  of  the  fla:ie  latent— convergence  or 
esophoria.  C.  The  line  passes  to  the  left  of  the  flame — latent  a.'vergence  or  exophoria,  (de 
Schweinitz  and  Randall.) 


Fig.  84. 
B 


Maddox’s  rod-test  for  vertical  deviation ; the  rod  is  before  the  right  eye.  A.  The  line  passes 
th~v  orv  the  flame-orthophoria.  B.  The  line  passes  below  the  flame ; the  upper  image  belongs 
to  t)  e left  eye— right  hyperphoria.  C.  The  line  passes  above  the  flame ; the  upper  image  belongs  to 
the  right  eye— left  hyperphoria,  (de  Schweinitz  and  Randall.) 
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eye.  In  esophoria  we  have  homonymous  diplopia,  the  streak  being 
on  the  same  side  as  the  eye  fixing  it;  in  exophoria  it  is  on  the 
opposite  side;  and  in  hyperphoria,  either  below  it  or  above  it,  as  we 
have  to  deal  with  a right  or  left  hyperphoria.  Assuming  that  the  rod 
be  placed  before  the  right  eye,  Figs.  83  and  84  show  the  position  of 
the  light  streak  and  the  candle  flame  in  normally  and  abnormally 
balanced  eyes. 

Another  well-known  test  is  the  so-called  parallax  test.  This  is  made 
at  the  usual  6 m.  distance,  and  is  carried  out  with  a light  on  a dark 
background,  each  eye  being  covered  alternately,  so  as  to  remove  the 
desire  for  binocular  fixation.  As  the  cover,  placed  first  before  one 
eye,  is  being  carried  before  the  other,  the  patient  is  asked  whether 
the  recently  uncovered  eye  notices  any  movement  of  the  distant 
flame.  If  he  does  not  after  a few  trials,  one  may  be  certain  that 
there  is  no  marked  heterophoria.  When  apparent  motion  of  the 
candle  flame  is  noticed,  the  patient  will  shortly  be  able  to  describe 


Fig.  85. 


Orthophoria.  Heterophoria. 

The  convex  spherical  test. 


its  direction  and  its  extent.  Exophoria  is  indicated  if  the  iisr  moves 
in  the  same  direction  as. the  cover  is  carried  from  one  eye  to  the 
other;  if  in  the  opposite  direction,  esophoria.  If  the  light  moves 
downward  when  the  right  eye  is  uncovered,  there  is  a right  hyper- 
phoria; if  it  moves  in  an  upward  direction,  we  have  to  deal  with  a 
left  hyperphoria.  The  prism  that  neutralizes  the  movement  measures 
the  degree  of  the  heterophoria. 

The  Convex  Spherical  Test.  A strong*  convex  glass  (15  D.)  is 
covered,  except  at  its  optical  centre,  and  placed  before  one  eye.  The 
distant  candle  image  appears  in  the  shape  of  a blur  of  light  with  a 
second  image,  that  of  an  ordinary  candle  flame.  If  the  muscles  be 
normally  balanced,  the  clear  candle  flame  will  be  situated  in  the 
middle  of  the  blurred  irnag^.  In  heterophoria  the  clear  image  will 
appear  in  various  parts  of  the  blurred  image  field,  or,  in  the  high 
degrees,  will  be  separated  from  it.  The  relation  between  the  two 
images  and  the  prhm  required  to  bring  the  clear  image  into  the 
centre  of  the  blurred  one,  determines  the  measurement  of  the  hetero- 
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phoria.  Hansell  and  Reber  believe  that,  when  properly  carried  out, 
this  test  is  superior  to  those  in  which  prisms  alone  are  used,  and  that 
it  possesses  all  the  advantages  of  the  Maddox  rods. 

Symptoms  of  Heterophoria.  There  can  be  no  doubt  that  a marked 
degree  of  almost  every  form  of  muscular  imbalance  (as  measured 
by  one  or  more  phorometers)  may  exist  without  giving  rise  to 
special  symptoms.  The  state  of  the  nervous  system,  the  habits 
of  the  patient,  the  condition  of  the  digestive  and  other  organs 
influence  the  symptomatology  in  these  muscular  anomalies.  On 
the  other  hand,  both  local  and  general  symptoms  are  commonly 
present  in  the  majority  of  cases  of  heterophoria.  Inasmuch  as  ame- 
tropia is  intimately  associated  with  heterophoria  and  with  hetero- 
tropia,  and  since  we  know  that  the  correction  of  the  one  may  greatly 
relieve  the  irritation  produced  by  the  others,  it  is  not  strange  that 
one  has  difficulty  in  differentiating  the  eyestrain  symptoms  of  ame- 
tropia from  those  of  heterophoria.  We  shall  consider  these  muscular 
anomalies  separately. 

Fig.  86. 


Image-movement  in  heterophoria,  exophoria,  . nd  <,sophoria.  (Colburn.) 

Exophoria.  The  tendency  of  the  visual  axes  outward  is  generally 
a passive  condition,  and  is  commonly  the  result  of  loss  of  convergence- 
power  or  convergence-impulse,  and  it  may  range  all  the  way  from 
an  insignificant  defect  to  9 true  and  almost  constant  exotropia.  It 
may  be  due  to  structural  defects  in  the  insertion  of  the  recti  interni 
or  their  opponents  in  the  u>o  divergent  orbits  of  wide  skulls,  or  to 
some  other  anatomical  anomaly.  Moreover,  an  insufficient  innerva- 
tion of  the  interni  may  have  something  to  do  with  this  condition; 
occasionally  a developmental  defect  in  one  or  other  interims  may 
bring  about  an  undue  tendency  to  divergence.  The  exophoria  may 
be  paretic  from  the  beginning,  or  the  nerve  supply  having  been  par- 
tially restoma  in  an  exotropia,  the  remaining  imbalance  is  not  notice- 
able unhss  tests  are  applied.  It  will  thus  be  seen  that  both  exophoria 
and  esc  phoria  are  the  resultant  in  many  cases  of  diseases  of  the  most 
opposite  character,  affecting  one  or  more  of  the  muscles  that  take 
par  c in  normal  divergence  and  convergence.  Anything  which  affects 
the  tone  of  the  muscular  system  generally,  but  in  particular  those 
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muscles  engaged  in  convergence,  is  likely  to  produce  an  exophoria. 
We  know  both  from  observation  and  experience  that  the  most  active 
concomitant  of  exophoria  is  myopia.  In  this  form  of  ametropia 
the  convergence  muscles  are  not  frequently  called  into  play;  the 
healthy  impulse  to  converge  is  usually  lacking.  In  time  loss  of  the 
convergence  impulse  takes  place,  and  thus,  indirectly,  exophoria  is 
produced.  The  symptoms  caused  by  exophoria  do  not  differ  from 
those  that  accompany  the  ametropic  condition  and  the  accommo- 
dative anomalies  with  which  it  is  so  intin^ately  associated.  These  are 
connected  nearly  always  with  attempts  to  do  near  work — blurring  of 
the  print,  pain  in  and  about  the  eyes  on  attempting  to  read  or  write, 
confusion  and  running  together  of  print  or  of  the  notes  in  music, 
headache,  fatigue  of  the  eyes,  and  a sleepy  feeling — all  these  may 
accompany  a pure  exophoria,  even  after  a correction  of  the  refractive 
errors  that  accompany  it. 

Treatment  We  know  that  in  many  instances  exophoria  gives 
very  little  trouble  and  produces  no  symptoms  after  the  correction  of 
a simple  or  compound  myopic  astigmatism.  It  sometimes  ceases  to  be 
an  irritant  when  an  acute  or  chronic  disease  has  been  cured.  It  is  the 
belief  of  the  writer  that  the  condition  of  the  general  health  and  the 
correction  of  all  forms  of  astigmatism,  and  especially  of  a concur- 
rent myopia,  should  be  the  first  consideration  in  this  condition, 
de  Schweinitz  advises,  as  a routine  of  practice,  tincture  of  nux  vomica, 
fifteen  drops,  three  times  a day,  increasing  the  dose  by  five  daily 
drops  until  forty-five  are  taken  or  until  toxic  effects  are  noticed. 
When,  after  this  has  been  done,  exophoric  symptoms  still  remain, 
attention  should  be  directed  to  a permanent  relief  of  the  co  ndi- 
tion. The  most  important  of  the  non-operative  procedures  is  regular 
prism  exercise,  either  by  means  of  the  Noyes-Gould  apparatus  or  by 
means  of  ordinary  square  prisms  set  in  spectacle  frames  and  placed 
before  the  eyes.  The  strongest  prisms,  bases  out,  should  be  used. 
The  patient  fuses  the  double  images  while  standing  f mr  cr  five  feet 
from  the  point  of  illumination.  He  then  slowly  backs  across  the 
room,  fifteen  or  twenty  feet  away.  This  exercise  is  to  be  performed 
for  from  three  to  five  minutes  at  a time  three  hues  a day.  The 
strength  of  the  prisms  is  gradually  increased,  out  in  no  case  should 
the  patient  make  use  of  such  strength  aa  to  cause  pain,  vertigo, 
or  other  disagreeable  symptoms.  This  calisthenic  performance  may 
also  be  conducted  by  ordering  square  prisms  with  which  the  patient 
may  exercise  his  convergence  at  home.  If,  for  example,  the  conver- 
gent power  be  15°  and  the  adduction  7°  or  8°,  three  square  prisms 
may  be  prescribed,  of  respecti  rely  15°,  5°,  and  3°.  The  patient  uses 
the  first  for  a couple  of  days,  until  fusion  of  the  double  images  at 
twenty  feet  is  easy  when  it  io  placed  before  either  eye.  The  next  day 
he  employs,  for  the  same  purpose,  the  15°  and  the  3°  prism,  and  so 
continues  until  he  cun  overcome  the  compound  18°  prism.  Finally, 
all  three  are  togetm  r used,  and  this  combination,  which  is  about  equal 
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to  a single  25°  prism,  is  exchanged  for  another  series,  say  25°,  10°, 
and  5°.  In  this  way,  the  convergent  power  may  be  increased  until  the 
patient  can  readily  overcome  at  least  a 60°  prism.  Careful  direc- 
tions tor  their  use  should  always  be  given,  and  control  experiments 
should  be  made  from  time  to  time  in  the  surgeon’s  office.  No  opera- 
tion should  be  thought  of  until  the  measures  just  alluded  to  have 
been  sufficiently  tried.  Outdoor  exercise,  a nutritious  diet,  and  as 
little  near  work  as  possible,  should  always  be  inculcated  in  connection 
with  this  general  treatment. 

Although  the  constant  wearing  of  prisms  occasionally  gives  relief 
to.  the  symptoms  induced  by  an  exophoria,  the  writer  cannot  con- 
scientiously advise  them,  except  as  a temporary  expedient.  If  worn 
for  some  time,  the  effort  of  convergence  is  more  and  more  left  in  abey- 
ance, and  there  is  no  real  attempt  at  a cure  of  the  conditions  that 


Fig.  87. 


Image-movement  in  hypoexophoria,  hyperptao^  aid  hypoesophoria.  (Colburn.) 


underlie  the  exophoric  state.  When  a prism  correction  is  attempted, 
not  more  than  two-thirds  of  the  total  amount  (divided  between  the 
eyes)  should  be  presented.  Three  or  four  degrees  of  exophoria  rarely 
require  any  correction,  ard  as  it  is  usually  during  near  work  that 
symptoms  are  set  up,  and  since  the  exophoria  is  most  marked  at 
that  time,  it  may  be  advisable  to  give  a stronger  prism  for  reading 
or  desk-work. 

When  all  meant  fail,  an  operation  upon  the  eye  muscles  is  indicated. 
In  this  case  the  surgeon  may  tenotomize  one  or  both  externi,  or 
advance  one  or  both  interni..  The  writer,  while  sympathizing  with 
Landolt’s  preference  for  advancement  in  all  cases  of  weakened  con- 
vergence, has  not  been  able  to  obtain  the  best  results  without  a 
sect' on  (partial  or  complete)  of  the  opposing  external  rectus.  Where 
the  apparent  exophoria  is  really  dependent  upon  the  presence  of 
hyperphoria  or  a hypertropia  (as  Stevens  affirms  is  frequently  the 
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case),  no  surgical  interference  with  the  exophoria  is  justifiable  until 
the  vertical  anomaly  has  been  corrected.  Whether  one  or  both 
interni  require  advancement,  and  whether  accompanying  sections 
should  be  done  on  the  externi,  will  depend  upon  the  results  of  a 
single  operation.  Probably  an  exophoria,  symptoms  of  which  are 
not  relieved  by  glasses,  medication,  hygienic  care,  and  prism  exercise, 
should  be  corrected  by  the  advancement  of  both  internal  recti,  with- 
out tenotomy  (partial  or  complete)  of  one  or  both  externi.  But,  if 
the  former  fail,  the  operator  need  not  hesitate  to  have  recourse  to 
the  additional  operations.  The  technique  of  all  these  operations  will 
be  considered  under  the  allied  condition — strabismus. 

Esophoria.  As  in  the  case  of  exophoria,  this  condition  does  not 
give  rise  to  distinctive  symptoms.  Photophobia,  not  explained  on 
other  grounds,  blurring  of  the  print,  “ panorama  ” vertigo  and  nausea, 
carsickness  and  seasickness,  with  headache,  nervousness,  and  digestive 
disturbances,  are  often  referred  to  it.  As  Hansell  and  Reber  have 
pointed  out,  a curious  symptom  noticed  by  esophorics  is  the  nervous 
irritation  produced  by  the  patient’s  seeing  his  nose,  not  only  when 
reading  or  writing,  but  when  looking  in  the  distance.  As  a rule, 
patients  suffering  from  esophoria  are  much  more  likely  to  have  symp- 
toms due  to  prolonged  use  of  their  eyes  in  gazing  at  distant  objects , as, 
for  example,  in  attending  the  theatre,  going  to  church,  in  riding  on 
elevated  trains  or  in  looking  out  of  the  window  of  a moving  car. 
A small  amount  of  esophoria  may  give  rise  in  susceptible  individuals 
to  symptoms  when  the  same  or  a larger  amount  is  well  borne  by  a 
patient  with  a stable  nervous  system  and  good  digestion.  The  neu- 
rotic and  the  neurasthenic — particularly  if  they  suffer  from  insomnia, 
— are  much  more  likely  to  complain  of  esophoria  pure  and  simple 
than  the  healthy  individual.  Just  as  exophoria  is  commonly  asso- 
ciated with  myopic  states,  so  do  we  find  esophoria  more  frequently 
present  in  all  degrees  of  hyperopia  and  hyperopic  astigr  latism. 

Treatment.  First  of  all,  a full  correction  of  any  retractive  error 
should  be  made,  and,  if  necessary,  glasses  (usually  convex)  should 
be  worn  constantly,  while  the  eyes  are  kep+  under  the  influence 
of  atropine  for  several  days  or  weeks.  At  the  same  time,  any 
defect  in  the  general  health  should  be  remedied.  The  habits  of  the 
patient  should  have  attention,  as  these  are  important  in  dealing  with 
this  form  of  heterophoria.  Tonics,  re^t  from  work,  careful  dieting, 
change  of  air,  will  often  help  to  effect  a cure.  In  the  writer’s  experi- 
ence, prism  exercise  has  not  that  value  which  it  possesses  in  exophoria, 
and  yet  it  should  be  prescribed  in  conjunction  with  the  foregoing 
treatment.  Remedies  having  the  effect  of  soothing  the  irritated 
nervous  system  are  of  value,  and  of  these  the  most  important  is 
hyoscyamus  in  any  of  its  forms.  When  it  is  impossible  or  not  con- 
sidered desirable  to  ins  il  atropine,  a single  drop  of  a one-  or  two-grain 
solution  of  homatropire  should  be  dropped  into  the  eye  an  hour  or 
two  before  bedtime,  Cycloplegia  produced  by  this  agent  passes  off 
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before  the  next  morning,  while  accommodative  quiet  is  reflected  in 
esophoric  relief.  Prisms  for  constant  wear  may  be  of  occasional 
value,  but  as  their  tendency  is  to  coddle  the  weak  muscle  or  muscles, 
instead  of  strengthening  them,  this  plan  ought  not  to  be  encouraged. 
As  a means  of  bridging  over  a temporary  difficulty,  or  to  allow  time 
for  improvement  of  the  patient’s  health,  their  use  may  be  justified, 
but  for  a permanent  cure  they  are  inadmissible.  When  other  means 
fail,  a marked  esophoria,  say,  of  10°,  for  the  distance,  is  a defect 
proper  for  operation.  As  the  operative  treatment  of  heterophoria  is 
practically  the  same  as  that  of  true  strabismus  and  other  forms  of 
heterophoria,  a description  of  the  tenotomies  and  advancements 
proper  to  the  latter  condition  will  be  found  under  the  appropriate 
heading.  There  is  one  exception  to  this  statement,  in  that  partial 
tenotomy  and  partial  shortening  are  restricted,  by  those  surgeons  who 
employ  these  means,  to  heterophorics  and  to  cases  exhibiting  minor 
degrees  of  heterotropia.  The  writer  has  occasionally  had  patients 
who  were  benefited  by  partial  operations  alone,  after  non-operative 
means  had  faithfully  been  tried. 

Partial  Tenotomy.  This  may  be  either  central  or  marginal,  the 
purpose  of  the  former  being  to  lessen  the  tension  of  the  muscle  operated 
on,  while  a marginal  tenotomy  is  done  both  to  moderate  the  tension 
and  to  influence  the  action  of  the  muscle  upon  the  rotation  of  the 
eyeball.  Savage1  thus  describes  the  two  operations: 

The  instruments  needed  are  the  same  as  those  required  in  doing 
the  complete  operation.  To  do  a central,  partial  tenotomy  the  lids 
must  be  well  separated  by  the  speculum.  The  patent  should  look  as 
far  as  possible  in  the  direction  opposite  the  muscle  to  be  operated 
on.  The  conjunctiva  over  the  insertion  of  thf>  tendon  shou’d  be  lifted 
in  a meridianal  fold  with  the  forceps,  and  this  should  be  snipped  with 
the  scissors.  Through  the  cut  in  the  conjunctiva  the  forceps  should 
be  made  to  grasp  the  capsule  of  Ten-  >n  which  in  turn  should  be 
snipped  through  the  opening  in  the  conjunctiva;  the  central 
fibres  of  the  tendon  should  then  be  grasped  with  the  forceps  and 
slightly  raised  from  the  sclera,  s<  that  they  may  be  caught  with  the 
scissors  between  the  forceps  and  the  attachment,  as  close  to  the  latter 
as  possible.  Thus  the  tendon  is  buttonholed.  If  the  operator  is 
certain,  from  the  resistance  he  feels  with  the  forceps,  that  he  is  not 
too  near  either  margin  of  the  tendon,  he  may  divide  a few  more  fibres 
in  both  directions,  'vhile  still  holding  the  tendons  with  the  forceps; 
but  in  doing  so  he  +akes  some  risk  of  doing  too  much.  Now  the  for- 
ceps should  be  laid  down  for  the  small  (Stevens)  hook,  which  should  be 
passed  through  the  buttonhole  in  the  tendon,  first  in  one  direction, 
then  in  the  other,  beneath  the  uncut  fibres,  so  as  to  determine  the 
resistance  Guided  by  the  hook,  the  operator  now  divides  fibre  after 
fibre  with  the  scissors,  until  the  lessened  resistance  warns  him  that 
he  has  gone  far  enough  in  that  direction;  he  then  repeats  this  step 


1 From  the  advance  sheets  of  ” Ophthalmic  Myology.” 
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toward  the  other  margin,  in  the  same  careful  way.  To  get  the  full 
effect  of  a partial  tenotomy,  the  capsule  of  Tenon  must  be  cut  coex- 
tensively  with  the  division  of  the  tendon.  The  cut  in  the  conjunctiva 
may  or  may  not  be  of  the  same  extent.  There  is  no  necessity  for 
making  either  a very  small  or  a very  large  conjunctival  incision;  but 
for  those  just  beginning,  a large  conjunctival  incision  would  make  the 
tenotomy  both  easier  and  safer.  In  a marginal  tenotomy  the  initial 
cut  of  the  conjunctiva,  capsule,  and  tendon  is  made  as  for  a central 
tenotomy,  care  being  exercised  that  the  buttonhole  in  the  tendon,  if 
not  in  the  centre,  shall  be  nearer  that  margin  which  is  to  be  com- 
pletely severed  later.  Still  holding  the  tendon  with  the  forceps,  the 
scissors  may  be  passed  in  the  direction  in  which  complete  division  is 
indicated,  and  be  made  to  cut  all  the  fibres  at  once. 

Hyperphoria.  In  this  anomaly  there  is  a tendency  of  one  visual 
line  to  project  itself  higher  or  lower  than  that  of  the  other.  Hyper- 
phoria is  by  no  means  a rare  condition,  and,  although  it  may  be  present 
to  a marked  extent,  it  does  not  always  excite  symptoms,  particularly 
if  the  individual  possess  a sound  nervous  system,  a good  digestion, 
and  does  not  abuse  his  eyes.  The  principal  symptom,  not  only  in 
hyperphoria,  but  to  a greater  or  less  extent  in  all  the  muscular 
anomalies,  is,  in  the  writer's  experience,  sensitiveness  to  light.  In  the 
case  of  hyperphoria  we  find  also  the  usual  reflex  symptoms:  hyper- 
emia of  the  lids  giving  rise  to  smarting,  burning,  and  a sensation  of 
heat  in  the  eye;  confusion  of  images,  particularly  when  the  patient 
is  walking  along  a crowded  street,  looking  out  of  the  window  of  a car 
in  motion,  ascending  in  an  elevator,  etc.  It  happens  not  infrequently 
that  hyperphoria  of  slight  degree  produces  more  ocular  and  other 
(nervous)  symptoms  than  one  would  expect.  Not  only  in  this  fimi 
of  heterophoria,  but  in  all  the  others,  the  symptoms  are  not  in  direct 
proportion  to  the  amount  of  the  defect;  indeed,  just  as  it  is  impossible 
to  say  how  much  hypermetropia  or  astigmatism  is  required  for  the 
production  of  symptoms  in  a particular  individual  so  is  it  difficult 
to  indicate  the  amount  or  kind  of  annoyance  likely  to.  accompany  a 
given  amount  of  hyperphoria  in  a certain  patient  rihis  defect  gives 
rise,  not  only  to  what  Bennett  has  termed  ‘ panorama"  symptoms 
— as  shown  by  headaches,  vertigo,  and  occasionally  vertical  diplopia 
but  also  evidences  of  nervous  irritation  on  at  tempting  to  use  the  eyes 
for  long-continued  near  work  are  rarely'  absent.  These  are,  in  par- 
ticular, dizziness,  ocular  pain,  and  pnotophobia.  The  patient  is 
given  to  squinting  his  eyes  during  both  near  and  distant  fixation; 
furrows  or  ridges  may  be  usually  detected  above  one  or  both  eye- 
brows, or  the  eyes  may  present  a staring  appearance,  or  there  may 
seem  to  be  an  apparent  js:s  of  one  lid,  with  a wide-open  condition 
of  the  other.  This  peculiar  wrinkling  of  the  brow  is  seen  in  its  exag- 
gerated form  in  true  oci  lomuscular  paresis,  but  its  meaning  is  the 
same  in  hyperphoru  . The  head,  also,  is  very  often  carried  with  a 
tilt  away  from  the  hyperphoric  eye.  If  the  vertical  defect  be  not 
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excessive,  this  carriage  of  the  head  may  be  sufficient  to  overcome 
the  whole  of  the  hyperphoria,  and  it  is  a common  experience  that 
many  hyperphorics,  physically  well  developed,  succeed  during  their 
ordinary  occupations  in  obtaining  comfort  by  thus  neutralizing  all, 
or  nearly  all,  of  an  otherwise  intolerable  hyperphoria.  Exophoria  is 
very  frequently  associated  with  hyperphoria,  and,  as  Stevens  points 
out,  correction  of  the  one  may  issue  in  cure  of  the  other.  Indeed, 
the  writer  is  convinced,  from  an  examination  of  a large  number  of 
these  cases,  that  hyperexophoria  and  hyperesophoria  are  often  results 
of  an  attempt  on  the  part  of  the  lateral  muscles  to  relieve  the  ver- 
tical deflection.  This  point  should  always  be  decided  before  an 
attempt  is  made  to  correct  either  anomaly.  Both  supraduction  and 
infraduction,  as  well  as  abduction  and  adduction,  should  be  carefully 
measured  with  and  without  correcting-glasses.  If  the  lateral  devia- 
tions are  found  to  be  in  normal  relation  to  one  another,  and  the 
vertical  excursions  are  abnormal,  one  may  conclude  that  the  case  is 
essentially  one  of  hyperphoria. 

Tests  for  Hyperphoria.  These  have  already  been  referred  to,  but 
it  is  well  to  say,  in  addition,  that  since  small  degrees  of  this  defect 
are  of  greater  importance  than  minor  amounts  of  exophoria  or  eso- 
phoria,  care  should  be  exercised  in  eliciting  its  presence  or  absence. 
The  parallax  or  the  screen  test  will  be  found  of  particular  value  in 
the  detection  of  this  anomaly.  According  to  Duane,  constant  prac- 
tice will  enable  one  to  detect  as  little  as  a quarter  of  a degree  of 
hyperphoria. 

Treatment.  First  of  all,  there  should  be  a thorough  correction, 
under  a cycloplegic  (when  that  is  necessary),  of  all  refractive  errors! 
This  will  be  found  sufficient,  in  many  cases,  to  make  the  patient  so 
comfortable  that  further  interference,  for  the  time  at  least,  is  uncalled 
for.  If  correcting  lenses  are  found  to  be  insufficient,  prisms  should 
be  worn.  It  must  be  confessed  that  it  is  not  easy  in  the  first  instance 
to  say  what  proportion  of  the  deviation  should  be  represented  by 
prisms.  As  a rule,  most  patients  will  not  tolerate  more  than  one-half 
the  full  correction,  divided  betw^tn  >he  two  eyes.  The  writer’s  expe- 
rience is  that  it  is  best  to  orde.  the  prism  compounded  with  the  cor- 
recting glass,  and  he  does  r.uf  find  that  fronts  are  comfortably  worn. 
It  is  better  to  have  two  pars  of  glasses  if  it  is  decided  to  use  different 
prismatic  strengths  for  distant  and  near  work.  The  power  of  infra- 
duction and  supraduction,  as  measured  from  time  to  time,  should 
decide  whether  the  prisms  thus  constantly  worn  are  to  be  decreased 
or  increased.  The  constant  wearing  of  prisms  is  of  greater  benefit 
and  more  justifiable  in  hyperphoric  conditions  than  in  those  of  eso- 
phoria  or  exophoria,  and  they  often  produce  brilliant  results.  Savage 
advises  exercise  with  vertical  prisms,  after  the  manner  suggested  for 
prism-traming  in  weakened  convergence  and  divergence,  but  the 
rest  It.'  are  not  satisfactory. 

The  same  rules  apply  in  the  operative  treatment  of  hyperphoria 
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that  were  laid  down  for  esophoria  and  exophoria.  After  all  other 
plans  (correction  of  ametropia,  attention  to  general  health,  etc.) 
have  failed,  tenotomy  of  the  overstrong,  or  rather  overworked, 
muscle  is  indicated.  Care  should  be  observed  not  to  operate  in  paretic 
cases.  When  in  doubt  the  tropometer  or  any  of  the  other  means  of 
measuring  the  rotating  power  of  the  individual  muscles  will  be  found 
of  great  value.  It  is  not  always  easy  (owing  to  the  secondary  con- 
tractions following  even  a slight  paresis  of  a vertical  muscle)  to  decide 
whether  we  have  to  deal  with  a non-paretic  hyperphoria  or  not. 
When  the  latter  is  constant  in  amount,  and  is  found  to  be  due  to 
insufficient  power  of  one  of  the  vertical  muscles,  the  proper  procedure 
is  an  advancement  or  a muscle-shortening;  where  the  defect  is  due 
to  overaction,  tenotomy  is  indicated.  If  there  be  a field  for  partial 
tenotomies,  it  is  in  low  degrees  of  hyperphoria  due  to  overaction  of 
a particular  muscle.  But  the  same  objection  to  the  tenotomy  of  a 
muscle  is  as  pertinent  in  hyperphoria 
as  in  other  muscular  anomalies;  it  is 
always  better  to  strengthen  a weak 
muscle  than  to  weaken  a strong  one, 
even  when  balance  of  all  the  muscles 
is  the  object  sought. 

Cyclophoria.  This  is  an  insuffi- 
ciency of  the  oblique  muscles,  or  a 
defect  of  the  normal  torsion  or  wheel- 
motion,  which  occurs  when  the  ob- 
lique muscles  especially  are  called 
into  action.  We  are  indebted  for 
most  that  we  know  of  this  subject  to 
Savage.  He  attributes  a number  of 
symptoms  (common  in  ametropia  and  other  forms  of  hetci  ophoria) 
to  this  condition.  It  may  be  detected  by  covering  one  eye  and 
placing  over  the  other  a Maddox  double  prism. 

The  patient  fixes  a horizontal  line  drawn  on  a white  card  eighteen 
inches  from  his  face.  He  sees  two  lines.  Tne  second  eye,  the 
one  being  tested,  is  nowr  uncovered  and  a third  line  will  be  seen  half- 
way between  and  parallel  to  the  others,  if  all  tnc  muscles  are  properly 
balanced.  In  imbalance  of  the  oblique  muscles  the  central  line  is 
tilted,  in  relation  to  the  others,  either  up  or  down.  If  the  middle  line 
be  nearer  the  bottom  than  the  top  lire,  or  vice  versa,  there  is  a hyper- 
phoria; or,  if  the  middle  line  extend  more  to  the  right  or  to  the  left, 
abduction  or  adduction  is  at  fault. 

Treatment.  Rhythmic  exercise  of  the  insufficient  oblique  muscles 
is  accomplished  by  the  method  of  Savage.  This  consists  of  the  rota- 
tion of  convex  or  concave  cylinders  before  the  eyes  of  the  patient 
who,  meantime,  looks  a*  a distant  candle  flame.  We  have  had  so 
little  experience  of  the  results  of  operations  upon  the  obliques  for  the 
relief  of  cyclophoria  that  it  can  only  be  said  that  the  matter  is  still 
sub  judice% 


Maddox  double  prism. 


Front  vi  ?w. 


b.  Sectional  view. 
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Strabismus.  Squint.  Heterotropia.1  In  this  condition  the  visual 
axes  are  so  directed  that  the  image  of  the  object  does  not  fall  upon 
the  fovea  of  both  eyes  at  the  same  time.  There  is  an  absence  of  bin- 
ocular vision,  although  the  rotating  power  of  the  individual  muscles 
is  not  to  any  great  extent  impaired. 

Internal  or  Convergent  Strabismus.  Convergent  Squint.  Eso-  • 
tropia.  The  visual  axis  of  one  eye  is  directed  toward  that  of  its  fellow,  ’ 
so  that  the  image  falls  upon  some  portion  of  the  retina  in  the  deviating 
or  squinting  eye  outside  the  fovea.  Convergent  strabismus  may  be 
monocular  or  constant,  binocular  or  alternating.  In  the  former 
case,  one  eye  is  constantly  used  for  purposes  of  fixation,  while  the 
second  eye  turns  in.  In  the  second  case  either  eye  is  used  indiffer- 
ently for  fixation,  and  the  opposite  eye  squints. 

There  is  practically  no  definite  line  of  demarcation  between  squint 
and  heterophoria.  Some  forms  of  heterophoria  may  represent  an 
early  stage  of  strabismus,  or  the  same  muscular  imbalance  may  at  one 
time  be  properly  called  squint,  and  at  another  time  a mere  insuffi- 
ciency of  the  muscles. 

Monocular  Squint  or  Constant  Squint.  Not  only  is  the  vision  of 
the  strabismic  eye  defective,  but  the  amblyopia  generally  does  not 
correspond  to  any  ophthalmoscopic  defect,  although  the  visual  field 
frequently  is  contracted.  The  error  of  refraction  of  the  amblyopic 
is  often  much  the  same  as  that  of  the  fixing  eye,  so  that  the  ametropia 
alone  cannot  account  for  the  lowered  visual  acuity.  Probably  there 
is  a true  amblyopia  ex  anopsia',  although  in  the  majoritv  of  cases  the 
vision  of  the  non-fixing  eye  is  not  to  any  extent  improved  by  correc- 
tion of  the  refractive  error  and  cure  of  the  squint.  ' Whatever  be  the 
origin  of  the  defect  in  sight,  it  is  probably  the  main  cause  of  the 
heterotropia.  Without  discussing  the  various  heories  from  time  to 
time  put  forward  to  explain  squinting  eyes,  one  may  say  that  the 
brain  centres  have  a dislike  for  the  vision  that  results  from  an  eye 
that  sees  plainly  and  one  that  sees  indistinctly,  and  that  in  the  effort 
to  rid  the  nervous  system  of  this  so.- roe  of  irritation  the  defective  eye 
is  turned  in  the  direction  and  kepi,  in  the  position  easiest  to  obtain 
and  maintain.  If,  however,  we  are  enabled  by  any  means  to  improve 
the  vision  of  the  squinting  eye,  we  to  the  same  extent  remove  the 
objection  on  the  part  of  the  nervous  system  to  eyes  of  unequal  vision. 
If,  in  addition  to  this  desirable  result,  there  goes  a restoration  to 
parallelism  of  the  visual  axes,  we  may  obtain  not  only  binocular  sight, 
but  also  comfortable  vision  with  both  eyes. 

Diagnosis.  Inspection  of  the  eyes  will  generally  show  an  abnormal 
direction  of  the  visual  axes,  and  the  sclera  will  be  "found  more  exposed 
in  one  segment  than  in  the  corresponding  portion  of  the  opposite  eye. 
The  co’  nea  will,  in  most  cases,  be  seen  to  be  deflected  toward  the 


i S ~>m  : authorities  prefer  the  expression  heterotropia  for  all  forms  of  imbalance  of  the  muscles 
ii  which  binocular  fixation  is  lost,  discarding  the  terms  “strabismus,”  “paralytic  squint”  etc 
Doubtless,  in  time,  this  nomenclature  will  prevail. 


MOTIONS  OF  THE  EYEBALL  AND  THEIR  DERANGEMENTS.  173 

nose.  This  apparent  deviation  of  the  visual  axes  is  not  always  to  be 
relied  upon;  the  angle  alpha  may  be  abnormally  small,  so  that 
although  there  is  no  muscular  imbalance,  there  is  an  apparent  eso- 
tropia. The  best  means  of  diagnosis  in  cases  of  doubt  is  the  cover  test. 
If  the  fixing  eye  be  excluded  by  a screen,  the  cornea  of  the  deviating 
eye  will  be  seen  to  make  an  excursion  outward.  The  eye  that  before 
turned  toward  the  nose,  now  attempts  to  fix,  and  in  doing  so  the  cornea 
is  rotated  so  that  the  rays  of  light  may  pass  through  and  fall  upon 
the  foveal  region.  Owing  to  the  high  grade  of  amblyopia  in  some 
eyes,  it  is  not  easy  to  measure  the  amount  of  squint  with  prisms,  and 
for  the  same  reason  the  use  of  the 
double  images  of  a diplopia  in  the 
various  phorometers  usually  fails 
to  furnish  any  information.  The 
false  image  is  suppressed  in  most 
cases  of  convergent  and  other  forms 
of  squint . The  amount  of  exces- 
sive convergence  in  squint  may, 
according  to  the  method  of  Lan- 
dolt,be  measured  on  the  perimeter. 

The  patient  fixes  with  the  better 
eye  while  a cand  e is  carried  along 
the  arm  of  the  perimeter  until  its 
reflection  is  seen  by  the  observer 
from  the  centre  of  the  pupillary 
area  of  the  opposite  cornea.  The 
angle  thus  subtended  is  read  off  on 
the  arc  of  the  perimeter.  (Fig.  89.) 

Treatment.  Since  convergent 
strabismus  usually  is  associated 
with,  and  is  by  some  said  to  de- 
pend in  most  cases  upon  the  pres- 
ence of  hypermetropia  (as  an  indi- 
rect result  of  abnormal  accommo- 
dative effort,  we  have  increased  attempts  at  C(  nvergence),  paralyzing 
the  accommodation  with  an  effective  cycloplegic,  like  atropine,  is  in- 
dicated. At  first  the  squint  is  usually  relie  red,  or  it  may  not  undergo 
any  sensible  diminution  for  some  days  or  vceks.  When  the  patient’s 
accommodation  is  thus  thoroughly  paralyzed,  a full  correction  of  the 
hyperopic  error  should  be  ordered  and  worn  constantly.  The 
effect  of  glasses  may  be  much  increased  by  the  continued  use  of 
atropine.  The  writer’s  plan  is  to  instil  a single  drop  of  a 1 per  cent, 
solution  of  atropine  sulphate  Into  each  eye  after  breakfast;  this  is 
continued  for  two  weeks  after  the  glasses  have  been  ordered.  The 
cycloplegic  is  then  stopped,  for  two  weeks,  or  until  the  patient’s  pupils 
are  no  longer  dilated.  If  the  glasses  are  not  fully  accepted,  or  if 
there  is  no  impru\ement  in  the  squint,  the  atropine  cycloplegia  is 


Fig.  89.  . 
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continued  for  another  fortnight,  and  so  on  alternately  every  fort- 
night for  from  three  to  six  months,  during  which  time  additional 
attempts  should  be  made  to  educate  the  faculty  of  fusion  and  to 
promote  binocular  vision  both  for  distance  and  near.  One  of  the 
best  means  of  accomplishing  these  important  results  is  the  use  of  the 
stereoscope,  using  with  it,  for  example,  the  pictures  of  Kroll.  The 
method  of  Landolt,  in  which  the  vision  of  the  better  eye  is  dulled, 
so  that  it  more  closely  approaches  that  of  the  squinting  eye,  is  the 
one  preferred  by  the  writer,  and,  although  much  patience  will  be 
required,  both  on  the  part  of  the  surgeon  and  of  the  child,  good  results 
are  often  obtainable  by  the  use  of  this  simple  instrument.  As  con- 
vergent strabismus  usually  sets  in  during  childhood,  several  ques- 
tions arise  in  connection  with  this  fact.  In  the  first  place,  how  early 
shall  we  attempt  medication  ? The  answer  is  that  atropine  should  be 
used  as  soon  as  the  squint  appears  and  attempts  at  monocular  fixa- 
tion are  made.  The  writer  has  frequently  begun  to  treat  a conver- 
gent strabismus  in  children  two  years  of  age,  anti  has  had  them  wearing 
glasses  with  benefit  before  they  were  three  years  old.  If  we  should 
fail  in  obtaining  parallelism  of  the  eye,  or  should  so  far  succeed  in 
our  efforts  as  to  convert  the  monocular  squint  into  one  of  occasional 
esotropia,  an  operation  should  be  done — the  earlier  the  better.  In 
monocular  squint  that  has  defied  milder  measures,  advancement  of 
the  externus  with  tenotomy  of  the  internal  rectus  is  the  operation 
that  will  generally  be  required  and  that  will  usually  bL  successful. 
One  often  finds  an  upward  deviation  combined  with  the  inward  squint, 
and  it  is  usually  necessary  in  such  cases  to  tenotomize  olso  the  superior 
rectus  of  the  squinting  eye. 

Alternating  Convergent  Strabismus.  In  this  form  of  convergent 
squint  the  nerve  centres  seem  indifferent  rs  to  vhether  vision  is  con- 
ducted by  one  eye  or  the  other;  sometimes  one  eye  fixes  and  the 
other  squints;  sometimes  the  hitherto  squinting  eye  sees,  while  the 
fellow  eye  turns  in.  Vision  is  usually  about  the  same  in  each  eye, 
and  it  is  usually  easier  to  restore  oinocular  vision  than  in  constant 
squint.  It  is  sometimes  difficult  to  explain  the  origin  of  alter- 
nating strabismus,  especially  examples  of  it  where  there  seems 
to  be  an  objection  on  the  part  of  the  cerebral  centres  to  binocular 
fusion.  One  may  at  least  postulate  a congenital  defect  of  co-ordina- 
tion in  the  fusion  centres.  These  patients  invariably  have  a hyper- 
metropia  of  more  than  2 D.,  and  we  may  assume  that  the  incentive 
to  accommodative  effort  and  the  abnormal  use  of  the  convergence 
have  something  to  do  with  the  squint. 

Diagnosis.  This  is  practically  the  same  as  for  the  constant  form. 
It  is  easier,  however,  to  induce  diplopia  with  prisms  or  otherwise, 
and  so  recognize  the  relation  of  the  false  to  the  true  image.  This  is, 
of  course,  much  more  difficult  in  children,  but  with  a little  coaxing 
and  the  exercise  of  patience,  it  can  often  be  demonstrated.  Hyper- 
e.  o„ropia  is  a common  variety  of  alternating  squint,  just  as  it  is  in 
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the  constant  form,  and  in  the  procedures  undertaken  for  its  cure  this 
form  of  the  defect  should  not  be  overlooked.  The  treatment  of  alter- 
nating. esotropia  is  practically  that  of  the  constant  variety,  and, 
although  the  writer  does  not  entertain  the  enthusiastic  opinion  com- 
monly held  as  to  the  high  proportion  of  cures  in  binocular  strabis- 
mus convergens,  there  is  no  doubt  that  parallelism  and  binocular 
fusion  more  frequently  result  from  judicious  treatment  than  they  do 
in  the  constant  form. 

External  or  Divergent  Squint;  Divergent  Strabismus;  Exotropia. 

This  is  the  antipodes  of  esotropia,  and  is  usually  associated  with 
myopic  eyes.  It  is  an  acquired  condition,  often  dependent  upon  the 
same  causes  that  bring  about  myopia,  such  as  asymmetrical  orbits, 
long-continued  near  work,  insufficiency  of  the  internal  recti,  etc. 
The  etiology  of  many  cases  is  obscure,  but  the  lessened  demand  on 
accommodation  and  convergence,  and  the  consequent  relaxation  of 
the  interni  muscles  that  accompanies  the  acquisition  of  axial  myopia, 
are  largely  responsible  for  them.  The  eye  turns  out  constantly  in 
the  monocular  form,  and  alternates  in  this  position  with  the  fellow 
eye  in  binocular  exotropia.  Probably  the  disease  begins  with  a ten- 
dency to  deviation  (exophoria)  and  ends  in  a true  exotropia.  For 
this  reason  divergent  squint  is  rarely  seen  in  children,  but  is  an  anom- 
aly of  adolescence.  The  tendency  of  myopic  eyes  toward  divergence 
is  partly  due  to  the  enlargement  and  consequent  elongation  of  the 
eyeball,  which  adds  to  the  weakness  of  the  adducting  muscles.  This 
train  of  causes,  with  the  decreasing  convergent  power,  brings  about 
a true  divergence.  Small  degrees  of  divergence  are  readily  detectei 
by  the  cover  test,  while  a high  degree  is  readily  seen  on  inspection. 
Occasionally  the  squinting  eye  in  constant  exotropia  is  amblyopic, 
but  the  deviation  itself  rarely  sets  up  symptoms,  because  the  Am age 
of  the  divergent  eye  is  suppressed  and  diplopia  is  not  a symptom. 

Treatment.  The  optical  treatment  of  divergent  strabismus  con- 
sists chiefly  in  the  correction  of  the  accompanying  m^t  pid,  with  or 
without  the  prescription  of  prisms.  As  full  a correction  of  the  myopia 
as  the  patient  will  tolerate  should  be  given,  and  the  accommodation 
should  be  further  stimulated  by  instilling  a weak  solution  of  pilocar- 
pine into  each  eye  three  times  a day.  If  the  exotropia  be  associated 
with  hypermetropia,  the  latter  should  either  not  be  corrected  at  all,  or 
the  weakest  working-glass  should  be  used,  in  this  way  one  may  hope 
to  excite  the  action  of  the  ciliary  muscle  and  arouse  a concomitant 
stimulation  of  the  adductor  muscles,  and  thus  lessen  the  divergence. 
In  low  degrees  of  exotropia,  or  in  those  cases  where  the  aforemen- 
tioned treatment  is  successful  in  converting  the  exotropia  into  an 
exophoria,  prism  and  stereoscope  training  should  be  made  use  of. 

After  a fair  trial  has  been  given  these  remedies,  and  paral- 
lelism or  binocular  fixation  is  not  attained,  operative  measures  are 
called  for.  The  rema  ning  deviation  should  be  overcome  by  advance- 
ment of  the  interna!  rectus  of  one  or  both  eyes,  not  forgetting  the 


vertical  deviations  that  sometimes  accompany  this  form  of  squint. 
When  the  patient  has  once  possessed  the  power  of  binocular  vision, 
the  operative  treatment  is  much  more  likely  to  be  successful,  although 
a period  of  stereoscope  training  may  properly  occupy  several  months 
both  before  and  after  operation. 

Hypertropia.  Vertical  deviation  amounting  to  squint  is  usually 
associated,  as  has  been  mentioned,  with  exophoria  or  esophoria;  in 
any  event  it  may  be  regarded  as  a late  stage  or  exaggerated  form  of 
hyperphoria.  Many  patients  exhibit  a deviation  in  the  vertical 
line  which  may  at  one  moment  present  a hyperphoria  and  at  another  a 
hypertropia.  As  long  as  the  patient’s  fusion  power  is  sufficient  at 
any  time  to  bring  about  binocular  vision,  the  former  condition 
obtains;  the  moment  this  fails  one  eye  turns  up,  and  we  have  a ver- 
tical squint.  What  has  been  said  of  hypophoria  is  largely  true  of 
hypertropia,  both  as  to  causation  and  treatment. 

Anaphoria,  Anatropia.  Cataphoria,  Catatropia.  Stevens  was 
the  first  to  describe  a class  of  cases  in  which  both  visual  axes  deviate 
either  above  or  below  the  horizontal  plane.  If  the  condition  be  pro- 
nounced and  require  careful  testing  to  prove  its  existence,  he  desig- 
nates the  anomaly  anaphoria , when  there  is  a deviation  of  both  axes 
upward,  or  cataphoria  in  deviation  of  both  axes  downward.  If  the 
imbalance  be  more  marked,  we  have  an  anatropia,  or  a catatropia. 
Whatever  be  the  nature  of  this  unusual  condition,  it  is  discovered 
by  means  of  the  screen  or  cover  test.  In  anatropia  the  right  eye 
turns  up  behind  the  screen,  while  the  left  eye  fixes,  the  left  eye  rotating 
upward,  and  not  downward  as  in  hypertropia,  the  moment  the  cover 
is  transferred  to  the  other  eye.  In  catatropia  a dc  wnward  excursion  is 
noted  in  both  eyes  with  the  cover  test.  Stevens  attributes  a number  of 
evil  consequences  to  these  conditions,  which  he  removes  by  operation. 

Paralysis  of  the  Eye  Muscles.  Although  for  the  purpose  of  inves- 
tigation it  is  desirable  to  consider  the  ocular  palsies  apart  from  hetero- 
tropia  and  the  various  forms  of  squint,  ic  is  often  difficult  to  differen- 
tiate one  from  the  other.  Just  where  functional  weakness  of  a 
muscle  ends  and  paretic  insufficiency  begins  is,  upon  occasions, 
impossible  to  demonstrate.  Muscular  paralysis  may  be  of  intracranial 
or  orbital  origin ; in  other  words,  the  nerves  and  nerve  centres  upon 
which  their  function  d(  spends  may  be  attacked  in  the  cortex  (cortical 
paralysis),  in  both  cortex  and  nuclei  (cortico-nuclear),  in  the  nuclei 
alone  (nuclear),  within  the  cranium  and  along  the  periphery  (cranio- 
peripheral),  or  within  the  orbit  (orbital).  The  central  causes  of  these 
organic  lesions  are  commonly  constitutional,  especially  lues,  rheuma- 
tism, and  tuberculosis.  They  are  often  associated  with  tabes,  paralysis 
of  the  insane,  brain  tumors,  basilar  meningitis,  and  other  processes  in- 
herent hi  the  various  forms  of  intoxication,  tuberculosis,  diphtheria, 
hysteria,  nephritis,  diabetes,  direct  and  indirect  injury,  etc.  Of  con- 
genital paralysis,  ptosis  is  the  most  common  sign,  while  paresis  of  the 
external  rectus  alone  is  frequently  encountered. 
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Symptoms.  Ocular  paralysis  sets  in  without  warning,  unless  it  be 
headache,  or  the  symptoms  of  disease  (generally  of  the  nervous  sys- 
tem), or  traumatism  with  which  it  is  so  often  associated.  Double 
vision  is  usually  the  first  indication  the  patient  has  of  an  attack. 
It  is  extremely  annoying,  particularly  if  it  be  oblique  or  vertical.  The 
diplopia  persists  during  the  attack,  and  is  often  associated  with  vertigo , 
nausea , occasional  vomiting , mental  confusion , uncertain  gait , and  a 
sense  of  insecurity  while  walking  about.  The  eye  under  the  influence 
of  paretic  muscles  does  not  see  objects  in  their  proper  position,  and 
to  this  false  projection  are  due  the  uncertainty  in  walking  and  grasping 
objects  and  other  disagreeable  consequences  of  the  paralysis.  The 
usual  innervation  effort  put  forth  to  assist  the  disabled  eye  to  fix  is 
the  source  of  the  error.  It  was  employed  by  Graefe  under  the  name 
“ touch  test  ” in  testing  for  the  paralyzed  muscles.  The  patient  covers 
the  sound  eye  with  one  hand  and  with  his  forefinger  endeavors  quickly 
to  touch  the  tip  of  a pencil  held  before  him  with  the  other.  He  will 
direct  the  finger  tip  to  the  side  of  the  pencil  corresponding  to  the 
paralyzed  muscle.  In  time,  however,  the  patient  learns  by  expe- 
rience to  make  allowance  for  this  error,  and  for  him  the  test  is  value- 
less. After  a time  the  patient  learns  to  close  one  eye,  so  as  to  shut 
out  the  confusing  second  image;  or  if  ptosis  set  in,  the  same  end  is 
served.  Eventually,  also,  the  head  is  turned  toward  the  side  of  the 
paralyzed  muscle  (upward  in  elevator,  downward  in  depressor  muscle 
paralysis),  as  this  action  corrects  or  at  least  diminishes  the  double 
vision.  These  unnatural  positions  of  the  head  assist  the  surgeon  in 
making  a diagnosis,  although  it  should  not  be  forgotten  that  similar 
poses  are  seen  in  heterophoria  and  in  some  other  forms  of  hctero 
tropia. 

Diagnosis.  When  a single  muscle  in  one  eye  is  recently  pandyzed, 
it  is  easy  from  the  symptoms  and  by  inspection  to  say  at  once  where 
the  trouble  lies.  More  frequently,  however,  a careful  inspection  of  all 
the  excursions  of  both  globes  is  necessary  before  a correct  diagnosis 
can  be  made.  In  any  event  the  patient  should  be  placed  with  his  head 
in  the  primary  position  and  asked  to  follow,  first  with  each  eye  sepa- 
rately and  then  with  both  together,  the  poir.t  of  a pencil  while  it  is 
carried  in  various  directions  in  front  of  his  race.  Many  are  the 
schemes  that  have  been  devised  for  detecting  the  character  of  para- 
lytic squint  by  making  use  of  the  double  ’mages  invariably  produced 
in  some  part  of  the  field  by  even  a slight  muscular  paresis.  Of  these, 
probably  Mau timer’s  (Fig.  90)  pictorial  table  of  single  muscle  paresis 
is  the  simplest.  There  are  several  reasons  why  it  is  so  often  difficult 
to  determine  by  means  of  the  diplopia  test  alone  what  muscle  or 
muscles  are  affected.  Onr  does  not  always  have  intelligent  patients 
to  deal  with;  the  pares*'1  may  affect  more  than  one  muscle,  or  it  may 
be  complete  in  one  evo  and  incomplete  in  the  other  ; or,  when  one 
eye  alone  is  affected,  a single  muscle  may  be  completely  paralyzed 
while  others  am  only  partially  affected.  Moreover,  when  the  case  is 
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of  long  standing,  contractures  of  the  antagonist  muscles  are  pretty 
sure  to  set  in,  and  there  may  also  be  in  such  cases  a successful  effort, 
made  in  the  interests  of  the  nervous  system,  to  suppress  entirely  the 
image  in  the  deflected  eye.  A previously  existing  muscle  imbalance 
or  a marked  difference  in  the  vision  of  the  two  eyes  also  acts  as  a dis- 
turbing factor.  There  may  be  no  squint  when  the  eyes  are  turned 
away  from  the  paralyzed  muscle,  but  it  is  readily  produced  when  they 


Fig.  90. 


Relations  of  the  Double  Images  in  Paralysis  of  the  Ocular  Muscles, 


(The  True  Image  is  Barred.) 


External  Rectus. 

Double  vision  on  looking  toward  the 
paralyzed  side.  The  image-separation 
increases  with  abduction  of  the  paralyzed 
eye. 


Internal  Rectus. 

Double  vision  on  looking  toward  the 
unaffected  side.  The  separation  of  the 
images  increases  with  the  adduction  of 
the  paralyzed  eye. 


Superior  Rectus. 

Double  vision  on  rotati-  g the  eye  up- 
ward. Distance  between  +ho  images  in- 
creases when  the  paral>  zed  eye  is  raised 
and  abducted.  Th  ; obliquity  of  the  false 
image  is  increase’  cy  adduction. 


Inferior  Rectus. 

Double  vision  on  rotating  the  eye  down- 
ward. Distance  between  the  images  in- 
creases when  the  paralyzed  eye  is  lowered 
and  abducted.  The  obliquity  of  the  false 
image  increases  on  adduction. 


Mauthner’s  scheme  for  the  detection  of  the  affected  muscles  in  ocular  palsy. 
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Superior  Oblique. 

Double  vision  on  rotating  eye  downward. 
Distance  between  images  increases  when 
the  paralyzed  eye  is  lowered  and  adducted. 
The  obliquity  of  the  false  image  increases 
with  abduction. 


Inferior  Oblique. 

Double  vision  on  rotating  eye  upward. 
Distance  between  images  increases  when 
the  eye  is  raised  and  adducted.  The  ob- 
liquity of  the  false  image  increases  with 
abduction.  The  lateral  distance  between 
the  images  increases  as  the  paralyzed  eye 
is  raised  and  abducted. 


Mauthner’s  scheme  for  the  detection  of  the  affected  muscles  in  ocular  palsy. 

are  rotated  toward  the  seat  of  paralysis.  The  deviation  is  more 
marked  the  wider  the  attempted  excursion,  while  the  limitation  cf 
movement  noticed  can  usually  be  referred,  without  difficulty,  to  the 
proper  muscle  or  set  of  muscles.  If  the  affected  eye  fix  an  Meet 
directly  in  front  of  it  and  the  sound  eye  he  covered,  the  latter  will  deviate 
to  a greater  extent  in  the  same  direction  than  the  paralyzed  eye.  This 
secondary  squint  is  an  overaction  result  arising  from  tb  e "excessive 
innervation  effort  needed  to  allow  the  affected  eye  to  fix.  This  fact 
is  to  be  remembered  in  the  differential  diagnosis  between  functional 
and.  organic  esotropia;  in  the  former  the  primary  and  secondary 
deviations  are  equal. 

Unilateral  Paralyses  of  the  Orbital  Muscles.  Paralysis  of  the 
External  Rectus.  Abducens  Paresis.  Paralysis  of  the  Sixth  Nerve. 

This  is  the  commonest  form  of  the  individual  palsies.  The  long 
course  of  the  sixth  nerve  through  its  bony  canals  renders  it  pecu- 
liarly liable  to  disease  from  the  various  meningitic  and  other  processes 
that  may  occur  during  its  passage  to  the  external  rectus  muscle. 
It  is  often  found  as  a part  of  rheumatic,  syphilitic,  and  traumatic 
conditions,  as  well  as  in  disease  of  those  central  neurons  with  which 
the  sixth  nerve  is  associated.  Wood  says  that  when  the  paralysis 
is  peripheral  it  is  likely  to  be  due  in  adults  to  syphilis  when  not 
distinctly  of  rheumati  • origin,  but  that  it  is  generally  tubercular  in 
children. 
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Third  Nerve  Paralysis.  This  is  next  in  order  of  frequency  of  the 
one-sided  pareses.  The  most  common  sign  is  paralysis  of  the  levator 
palpebrse,  causing  ptosis,  with  a loss  of  the  normal  skin-wrinkling  of  the 
affected  lid,  although  the  latter  can  be  partially  raised  by  contraction 
of  the  frontalis  muscle.  When  other  branches  are  implicated,  the  globe 
is  defective  in  all  its  excursions  except  the  downward,  upward,  and 
outward  movements.  The  eye  deviates  outward  and  downward  owing 
to  contraction  of  the  unaffected  superior  oblique  muscle,  and  the 
upper  end  of  the  vertical  meridian  will  be  plainly  seen  to  turn  toward 
the  nose.  There  is  exophthalmos  from  relaxation  of  so  many  recti 
muscles;  dilatation  and  immobility  of  the  pupil,  as  well  as  paralysis 
of  accommodation  from  the  involvement  of  the  iridic  and  ciliary 
fibres.  The  mydriasis , which  may  be  further  increased  by  atropine, 
is  unaffected  by  light,  convergence,  or  the  consensual  test.  Vision 
both  for  distance  and  the  near  point  is  affected  about  as  it  would  be 
if  a cycloplegic  were  instilled  into  the  eye.  The  diplopia  is  crossed, 
the  false  image  being  higher,  and  its  upper  end  is  inclined  toward 
the  paralyzed  side. 

Paralysis  of  the  third  nerve  is  often  incomplete,  and  it  may  be 
associated  with  the  same  affection  of  other  nerves.  If  the  ciliary 
muscle  and  iris  are  alone  involved,  we  have  an  internal  ophthalmo- 
plegia; if  the  extrinsic  muscles  are  all  affected,  an  externa1  ophthal- 
moplegia; if  both  external  and  internal  muscles  are  paralvze  l,  a total 
ophthalmoplegia . 

A form  of  recurrent  oculomotor  paresis,  called  bv  Charcot  ophthal- 
moplegic migraine , attacks  children  and  young  adults  who  suffer 
from  severe  headache  (attended  by  nausea  and  \ omiting)  on  the  side 
of  the  paralyzed  muscles.  In  the  intervals  )l  the  early  attacks, 
which  last  from  a few  days  to  a few  months,  the  muscles  regain  their 
normal  functions,  but  the  paresis  becomes  more  marked  and  at  last 
it  may  be  permanent.  The  disease  uTects  both  sexes  equally, 
and  is  accompanied  by  contraction  of  the  field  of  vision  and  lowering 
of  the  central  acuity.  Its  real  nature  is  obscure;  some  writers  believe 
it  to  be  hysterical,  others  attribute  the  symptoms  to  a lesion  of  the 
nerve  root  at  the  base  of  iht  brain.  No  treatment  is  of  avail. 

Paralysis  of  the  Superior  Rectus.  This  is  not  an  uncommon 
unilateral  paralysis.  Vith  it  there  is  limited  movement  upward  and 
toward  the  unaffected  eye,  accompanied  by  diplopia  in  the  upper 
half  of  the  field  of  vision.  When  the  patient  looks  in  this  direction 
divergence  is  the  result.  The  face,  in  fixation,  is  turned  up,  while 
both  it  and  the  head  are  inclined  toward  the  sound  side.  The  rela- 
tive position  of  the  true  and  false  images  will  be  seen  on  consulting 
the  chart  (page  178). 

PcO:aly*is  of  the  Superior  Oblique.  Trochlearis  Palsy.  Fourth 
Nerve  Paralysis.  This  muscle  is  rarely  paralyzed  alone.  The  diag- 
nosis can  usually  be  made  in  recent  cases  by  the  diplopia-scheme  test 
\ page  179),  or  by  remembering  that  there  is  homonymous  diplopia  on 
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looking  down,  that  the  false  image  is  lower,  with  its  upper  end  inclined 
toward  the  healthy  eye.  It  is  a very  troublesome  form  of  paralysis, 
and  the  patient  is  compelled  to  close  one  eye  to  avoid  the  double 
vision  in  the  lower  half  of  the  field. 

Unilateral  and  isolated  paralysis  of  the  inferior  rectus , internal  rectus , 
or  inferior  oblique  is  extremely  rare.  AVhen  any  of  these  does  occur, 
it  can,  especially  in  recent  cases,  be  diagnosed  by  the  symptoms  and 
a study  of  the  positions  and  relations  of  the  diplopic  images. 

A fairly  large  percentage  of  ocular  palsies  affect  the  associated 
movements  of  the  two  eyes,  and  while,  as  before  stated,  almost  any 
or  every  combination  of  paralysis  of  the  muscles  of  the  two  eyes  may 
occur,  there  are  particular  examples  that  call  for  mention. 

Paralysis  of  Convergence.  This  may  result  from  true  nuclear  or 
supranuclear  disease.  It  is  not  necessarily  followed  by  diplopia,  but 
the  patient  is  unable  to  fix  with  either  eye  at  the  near  point;  the  optic 
axes  remain  parallel  in  all  movements. 

Conjugate  Paralysis.  Inability  to  move  both  eyes  together,  either 
to  the  right  or  to  the  left,  while  the  convergent  power  is  preserved, 
is  not  infrequently  seen.  The  lesion  in  this  case  is  probably  cortical, 
although  it  is  also  claimed  to  be  near  the  sixth  nerve  nucleus — said 
by  some  observers  to  be  the  centre  for  the  associated  lateral  motions 
of  the  globe.  It  is  often  a distant  symptom,  as  in  hemorrhage  into 
or  disease  of  the  cortex,  pons,  internal  capsule,  etc.  It  usually  lasts 
but  a short  time,  because  disturbance  of  the  centre  in  one  side  of  the 
brain  is  soon  quelled  by  the  unaffected  second  centre.  In  destructive 
lesions  with  this  symptom  the  eyes  turn  from  the  paralyzed  sidj 
(Swanzy)  when  the  cerebrum  is  the  seat  of  the  disease,  but  toward 
the  paralytic  side  in  pontine  disease;  the  eyes  turn  toward  the  con- 
vulsed side  in  irritative  lesions  of  the  cerebrum,  but  away  from  it  in 
irritation  of  the  pons. 

Conjugate  paralysis  of  both  upward  and  downward  movemcntj  due  to 
disease  of  the  thalamus  opticus  and  the  corpus  stria  loan,  has  also 
been  recorded. 

Prognosis.  As  a rule,  the  peripheral  paralysis  (due  to  exposure  to 
cold,  rheumatism,  injury)  gets  well,  but  where  the  cause  of  the  palsy 
is  intracranial  the  prospect  of  a cure  is  necessarily  more  remote. 
The  first  attack  of  ocular  paresis  that  heralds  the  approach  or  forms 
a part  of  tabes  dorsalis  may  disappear,  only  to  recur  and  become  per- 
manent. Indeed,  it  may  well  be  remembered  that  an  attack  of  ocular 
paresis  occurring  in  a man  over  thirty-five  years  of  age — particularly 
if  he  has  had  early  syphilis — should  arouse  suspicions  of  a prob- 
able posterior  spinal  sclerosis.  Piobably  the  paretic  cerebral  com- 
plications of  syphilis  (gumma,  'ocal  periostitis  and  the  like)  are  as 
amenable  to  treatment  as  any  paralysis  of  central  origin.  In  most 
cases  many  weeks  or  months  may  elapse  before  improvement  or  cure 
results.  The  longer  9 paralysis  has  existed  (with  or  without  treat- 
ment) the  less  the  hope  of  eventual  cure. 
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Treatment.  So  far  as  possible  the  cause  of  the  paralysis  should 
be  removed.  Where  the  origin  of  the  trouble  is  definitely  rheumatic, 
salicin,  ten  to  twenty  grains  three  times  daily,  has,  in  the  writer's 
hands,  been  found  more  desirable  and  more  readily  borne  than  the 
salicylates.  This  should  be  combined  with  an  antirheumatic  regimen, 
vapor  baths,  and  copious  draughts  of  lithia  water.  Injuries  should 
have  the  care  proper  to  them.  All  the  other  cases,  unless  there  is 
some  contraindication,  should  at  once  be  ordered  a course  of  sodic  or 
potassic  iodide  (or  both  together)  in  increasing  doses,  to  be  given 
between  meals  and  in  a large  quantity  (pint  or  two)  of  water.  Most 
patients  will  tolerate  300  or  400  grains  daily  with  benefit.  This  may 
be  supplemented  by  mild  mercurial  inunctions,  and  the  patient 
should  meantime  take,  three  or  four  times  every  week,  the  Turkish 
or  the  ordinary  sweat  bath.  For  the  benefit  of  the  change  (as  well  as 
the  hot  water)  patients  do  well  at  various  hot  springs  here  anti  abroatl. 
Coincident  with  this,  the  treatment  proper  to  gout,  arterio-sclerosis, 
tubercle,  and  brain  neoplasms  is  indicated,  although  in  many 
instances  it  will  not  be  followed  by  any  good  result  so  far  as  the 
paralysis  is  concerned. 

Locally,  a weak  current  (2  to  5 milliamperes)  of  the  interrupted 
galvanic  current  will  be  found  of  use— the  cathode  over  the  closed 
lid  or  on  the  cocainized  sclera,  near  the  insertion  of  the  paralyzed 
muscle,  the  anode  at  the  nape  of  the  neck. 

Michel’s  plan  of  grasping  the  cocainized  conjunctiva  and  sclera 
with  a pair  of  fixation  forceps,  and  forcibly  exercising  Lie  enfeebled 
muscle  by  rotating  the  globe  back  and  forth  in  the  direction  of  its 
action  about  a minute  each  day,  is  of  some  vd  le  Other  forms  of 
exercise,  with  prisms  or  fixing  a near  object  for  a few  minutes  at  a 
time  several  times  a day  in  all  possible  directions,  may  have  the  effect 
of  preventing  secondary  contractures  and  of  stimulating  the  periph- 
eral nerve  fibres.  Sometimes,  when  the  paresis  is  slight,  correcting 
prisms  relieve  the  diplopia  and  the  vertigo.  In  chronic  paralysis, 
after  the  foregoing  treatment  has  been  applied  without  success,  when 
the  paretic  muscle  retains  som°  contractile  power,  advancement  of 
the  weak  muscle  with  Tenon’s  capsule  may  be  tried.  Section  of  the 
antagonist  will  always  be  ueeded.  If  the  paralysis  be  complete,  no 
operation  should  be  undertaken. 

Paralysis  of  the  Extrinsic  Muscles  in  the  Localization  of  Cerebral 
Diseases.  Third  Nor/e  Paralysis.  Bearing  in  mind  the  nuclear 
and  cortical  centres  of  the  eye  muscles,  unilateral  ptosis  alone  is  nearly 
always  due  to  duplication  of  the  cortical  (associated)  centre  in  the 
opposite  upper  extremity  of  the  ascending  frontal  convolution- 
near  the  arn.  centre.  Isolated  ptosis  is,  hence,  called  cerebral  ptosis. 
Paresis  of  the  levator  palpebrse  occurring  on  the  same  side  as  the  lesion, 
wit  hold  implication  of  the  other  branches  of  the  third  nerve,  indicates 
disease  of  the  pons  Varolii.  In  destructive  lesions  of  the  crus  where 
there  is  crossed  paralysis,  ptosis  is  usually  present  as  part  of  a total 
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third  nerve  paralysis.  If,  under  these  circumstances,  only  the  branch 
supplied  to  the  levator  be  affected,  one  may  diagnosticate  a lesion 
of  the  peduncle.  When  oculomotor  paresis  is  found  on  the  same  side 
and  about  the  same  time  as  a central  lesion  shows  itself,  with  loss  of 
sensation  and  motion  (including  facial  and  sometimes  hypoglossal 
paralysis)  of  the  opposite  side  of  the  body,  we  have  a u crossed  hemi- 
plegia” that  almost  invariably  means  destructive  disease  of  the  crus. 
Lesions  affecting  the  basal  neurons  are,  however,  the  commonest  of 
the  oculomotor  paralyses,  and  these  are  usually  complete.  It  is  not 
always  easy,  from  the  character  of  the  paralysis  alone,  to  differentiate 
between  disease  of  the  crus  and  purely  basal  disease.  If  there  is  no 
other  paresis,  or  if  there  is  an  incomplete  hemiplegia  with  the  third 
nerve  paralysis,  the  changes  are  almost  certainly  at  the  base  of  the 
brain.  One  must  not  forget  that  oculomotor  paralysis  may  occur  as 
a distant  (pressure)  symptom,  especially  in  brain  tumor  and  throm- 
bosis of  the  cavernous  sinus. 

Paralysis  of  the  Sixth  Nerve.  Owing  to  the  many  connections 
formed  by  the  abducens  during  its  long  course  from  the  brain  to  the 
external  rectus  muscle,  it  is  subject  to  paralysis  in  lesions  not  directly 
reaching  its  nuclear  origin.  Cerebellar  tumor  is  an  example  of  a dis- 
tant lesion  especially  prone  to  affect  the  sixth  nerve  in  this  way,  and 
one  or  both  nerves  may  be  compromised.  When  abducens  paralysis 
appears  as  the  only  focal  sign,  it  usually  means  basal  disease,  and, 
apart  from  fracture  of  the  petrous  portion  of  the  temporal  bone,  is 
likely  to  be  due  to  syphilis,  particularly  if  it  be  bilateral.  When 
paralysis  sets  in  with  an  opposite  hemiplegia  and  other  evidence  of 
cerebral  disease,  the  lesion  can  be  referred  with  confidence  to  the 
pons.  A hemiplegia  due  to  a lesion  in  the  cortical  motor  area 
furnishes  much  the  same  symptoms,  except  that  the  paralysis  is  on 
the  same  side.  Owing  to  the  close  relations  of  the  nuclear  centres 
for  the  sixth  and  seventh  nerves  we  often  have  facial  and  abducens 
paralysis  occurring  together.  When  these  are  associated  with  a 
crossed  hemiplegia  the  lesion  is  in  the  pons. 

Paralysis  of  the  Fourth  Nerve  alone  is  a very  ra~e  occurrence  in 
cerebral  disease;  when  associated  with  paralysis  of  other  oculo- 
motor nerves  it  is  practically  impossible  to  sepai  ate  it  as  a localizing 
sign.  In  the  former  case  it  is  the  resuli  of  a basal  lesion;  when  it 
sets  in  with  third  nerve  paralysis  it  indicates  a lesion  of  the  peduncle. 

As  Prevost  has  pointed  out,  and  as  we  have  just  seen,  in  conjugate 
deviation  of  the  globe  due  to  pareiysis  of  the  associated  muscles  the 
eyes  are  turned  toward  the  sidt  upon  which  the  central  lesion  is 
situated. 

Spasm  of  Accommodation.  T he  constant  demands  made  upon  the 
ciliary  muscle  and  the  habii  so  engendered  are  such  that,  in  young 
persons  especially,  relaxaiion  of  the  muscular  contractions  does  not 
always  take  place,  so  that  the  true  state  of  the  refraction  is  masked. 
If  the  patient  be  hyperopic,  he  may  appear  emmetropic  or  myopic;  if 
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emmetropic  myopic,  and  if  myopic  the  myopia  may  seem  to  be  greater 
than  it  really  is.  This  fact  furnishes  the  reason  why  a patient  may 
present  perfect  distant  vision  as  measured  by  test-types,  and  yet 
have  a fairly  high  degree  of  hyperopia  or  astigmatism,  or  both.  In 
other  cases  the  spasm  is  so  marked  that  a hyperope  may  have  greatly 
diminished  distant  vision  and  appear  to  be  myopic  three,  four,  or 
five  dioptres.  Concave  lenses  may,  in  such  instances,  be  accepted 
and  apparently  restore  the  lost  vision  for  a time,  but  visual  acts  will 
be  painful,  and  all  the  other  signs  of  eyestrain  (headache  especially) 
are  likely  to  be  present.  The  occurrence  of  accommodative  spasm 
teaches  us  the  need  of  paralyzing  the  ciliary  muscle  with  atropine, 
or  some  other  cycloplegic,  before  measuring  the  refraction;  other- 
wise we  cannot  be  certain  of  the  condition  we  have  to  deal  with, 
unless  the  patient  be  past  forty  years  of  age.  Moreover,  it  is  wise 
to  assist  in  breaking  off  the  spastic  habit  by  ordering  the  patient 
to  wear  the  glasses  before  the  effects  of  the  cycloplegic  have  passed 
away. 

Spasmodic  or  Spastic  Heterophoria.  Just  as  spasm  of  the  accommo- 
dation occasionally  arises  from  strain  of  the  ciliary  muscle,  so  may  we 
have  overaction  and  cramp  of  the  straight  muscles.  In  their  efforts 
to  overcome  a muscular  imbalance  some  particular  muscle  may  be  so 
stimulated  to  overwork  that  the  real  nature  of  the  heteroj.  horia  is 
completely  masked.  This  is  the  reason  why  a complete  coirection 
of  the  refractive  error  should  be  made,  preceded  or  folio  wed  by  mus- 
cular rest,  before  dealing  with  the  heterophoric  defect.  Ic  often  hap- 
pens that  an  apparent  heterophoria  disappears  end  the  patient  is 
made  comfortable  after  glasses  are  ordered.  The  relief  afforded  the 
ciliary  muscle  is  reflected  upon  the  tasks  of  the  o"bital  muscles.  For 
example,  an  apparent  esophoria  for  near  n ay  become  an  orthophoria 
to  tests  when  convex  working-glasses  are  employed ; or  a right  hyper- 
phoria may  dissolve  into  a left-sided  vertical  defect  after  the  use  of 
prisms,  or  of  lenses  correcting  the  ametropia,  or  from  the  employ- 
ment of  both. 

Certain  forms  of  manifest  hypoexophoria  am  1 hypoesophoria  are 
either  pure  hyperphorias  or  pure  horizontal  deflections,  the  impulse 
for  binocular  vision  so  averting  the  related  muscles  that  they  come 
to  the  aid  of  the  defective  ones  and  bear  most  of  the  burden.  It 
behooves  the  surgeon,  therefore,  to  make  a number  of  tests  at  inter- 
vals before  deciding  ui  doubtful  cases,  and,  if  possible,  to  keep  the 
patient  for  a week  or  more  under  the  influence  of  a cycloplegic. 
When  persistent  contraction  of  a muscle  has  lasted  for  months  or 
years  a form  of  tonic  cramp  arises  that  may  require,  in  addition  to 
these  measures,  tenotomy  of  its  tendon  with  or  without  shortening 
or  advancement  of  the  opposing  muscle. 

Operations  on  the  Eye  Muscles.  When  milder  means  are  found 
insufficient  to  restore  binocular  fixation  or  to  relieve  spastic  strain, 
operative  interference  is  indicated  in  most  cases.  The  chief  point 
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to  be  borne  in  mind  is  the  need  of  conserving  the  rotating  force  of 
the  ocular  muscles.  It  is  consequently  better  for  the  future  of  the 
patient  to  strengthen  a weak  muscle  in  our  attempts  to  bring  about 
the  necessary  balance  of  power  than  to  accomplish  it  by  reducing 
the  effectiveness  of  the  stronger  muscle,  even  it  we  know  that  its 
overaction  is  due  to  spasm.  The  kind  of  operation  suited  to  the  case 
in  hand  is  important,  and,  although  it  is  not  possible  to  formulate 
precise  rules  for  every  contingency,  the  following  aphorisms  may  be 
of  value:  1.  A simple  tenotomy  of  any  one  adductor  or  abductor 
muscle  alone  is  rarely  useful  and  seldom  required;  as  a rule,  rest 
under  a cycloplegic  combined  with  a full  correction  of  refractive  errors 
will  relieve  the  spasm  of  a single  muscle,  and  so  avoid  the  necessity 
for  a solitary  tenotomy.  2.  Tenotomy  of  a single  sursumductor  alone 
is  frequently  of  value.  3.  Advancement  or  shortening  of  a tendon, 
with  or  without  tenotomy  of  the  chief  opposing  muscle,  should  be 
done  in  most  cases  of  abnormal  deviation  in  the  horizontal  plane. 
4.  Where  advancement  (or  tendon-shortening)  on  one  side  is  insuf- 
ficient to  correct  the  error  the  same  operation  on  the  other  eye  is 
preferable  to  tenotomy.  5.  When  possible,  operations  should  be 
done  under  a local  anarsthetic,  and  that  method  chosen  in  which  pro- 
vision is  made  for  increasing  or  diminishing  the  operative  effect  both 
during  and  after  the  operation.  6.  The  probable  effect  of  the  opera- 
tion should  be  tested  (red  glass,  cover  test)  during  its  progress. 
7.  Whether  an  overcorrection  or  a partial  correction  of  the  deflection 
is  preferable  will  largely  depend  upon  the  refractive  condition  and 
the  occupation  of  the  patient.  8.  The  more  the  capsular  attac  n- 
ments,  check  ligaments,  and  muscular  fibres  are  disturbed  or  in- 
cluded in  the  tenotomy  or  advancement,  the  greater  will  be  the  mTect 
upon  the  rotation  of  the  globe. 

Duane  lays  down  the  following  rules,  that  differ  in  some  respects 
from  the  foregoing:  (a)  In  convergent  squint  due  to  over  at*  ion  of  one 
or  both  interni,  tenotomy  of  one  or  both  intend;  when  due  to  weak 
externi,  advancement  of  one  or  both  interni,  with  tenotomy  of  the 
latter;  ( b ) in  exophoria  due  to  overaction  of  tne  or  both  interni, 
tenotomy  of  the  externi;  when  due  to  insufficiency  or  paresis  of  one 
or  both  interni,  advancement  of  the  latter,  combined,  if  necessary, 
with  tenotomy  of  the  externi;  ( c ) in  uon-comitant  hyperphoria 
(where  the  angle  of  the  two  visual  liies  constantly  varies)  due  to 
weakness  of  the  superior  or  inferior  rectus,  advancement  of  the  weak 
muscle;  when  due  to  overactim.  ot  the  superior  or  inferior  rectus, 
tenotomy  of  the  overacting  muscle;  when  due  to  insufficiency  or 
paresis  of  the  superior  oblique,  tenotomy  of  the  inferior  rectus  of  the 
other  eye;  when  due  to  o'  ei  tenon  of  the  superior  oblique,  advance- 
ment of  the  inferior  re<  +us  of  the  other  eye;  when  due  to  weakness  of 
the  inferior  oblique,  teoruomy  of  the  superior  rectus  of  the  other  eye; 
and  when  due  to  ovoraction  of  the  inferior  oblique,  advancement  of 
the  superior  rectus  of  the  other  eye.  When  the  deflection  of  the 
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non-fixing  eye  has  constant  relation  to  the  fixing  eye  (comitant  hyper- 
phoria), the  best  remedy  is  generally  tenotomy  of  the  superior  rectus 
of  the  higher  eye.1 

Every  operation  on  the  eye  muscles  should  be  done  under  aseptic 
conditions.  A 2 per  cent,  holocaine  solution  or  cocaine  (4  per 
cent.)  is  the  ideal  local  amesthetic,  while  adrenalin  (1:1000)  or  some 
other  suprarenal  capsule  preparation  will  give  an  almost  bloodless 
field  of  operation.  It  is  as  yet  undecided  whether  these  agents 
favor  a post-operative  hemorrhage  that  may  interfere  with  the 
success  of  the  operation. 

Tenotomy.  A speculum  (or  two  lid  retractors  held  by  the'>assist- 
ant)  is  inserted  and  a fold  of  conjunctiva  and  capsule  immediately 
over  the  central  insertion  of  the  muscle  firmly  grasped  by  fixation 
forceps  having  at  least  four  teeth.  The  underlying  structures  are  now 
drawn  slightly  away  from  the  globe  and  an  incision  is  made  with  the 
tenotomy  scissors,  care  being  observed  not  to  cut  through  the  tendon 
itselfi  Sufficient  space  should  be  given  to  enable  the  surgeon  to  pass  a 
strabismus  hook  above  or  below  the  exposed  tendon,  so  that  its  point 
presents  at  the  opposite  border.  A snip  of  the  scissors,  one  blade  of 
which  is  also  passed  beneath  the  muscle,  now  severs  the  tendon  as  near 
its  insertion  as  possible.  If  he  prefers  it,  the  operator  may  proceed  as 
for  partial  tenotomy  (making  a “ button-hole  ” or  entirely  central 
opening  in  the  tendon)  and  complete  the  central  incision  toward 
each  margin.  If,  on  testing,  the  first  result  is  deemed  insufficient, 
the  wound  in  the  capsule  and  conjunctiva  is  enlarged  and  the 
supplementary  fibres  on  both  sides  of  the  tendon  are  carefully  and 
gradually  divided  on  the  hook,  several  deviatic  i tests  being  mean- 
time made.  As  a rule,  5 to  10  prism  degrees  o"  deviation  (or  less) 
are  obtained  by  a simple  tenotomy  wh  ire  the  retaining  lateral 
fibres  are  undisturbed.  If  the  capsular  attachments  and  check  liga- 
ments are  undermined  and  divided,  a greater  (and  unknown)  effect 
ollows  even  to  marked  limitation  of  the  excursions  produced  by  the 
muscle  operated  on.  It  is  not  necosrary  to  suture  the  wound.  The 
aftei -treatment  consists  of  cold  applications  every  two  or  three  hours 
followed  by  a simple  collyrium  auoh  as  two  grammes  each  of  boric  acid 
and  borax  in  100  grammes  of  a 1: 10,000  solution  of  mercuric  chloride. 
If,  not  later  than  forty- eight  hours  after  the  operation,  an  overcor- 
rection be  found,  a suture  including  the  cut  end  of  the  muscle,  Tenon’s 
capsule,  and  the  conjunctiva,  should  be  so  placed  that  the  over-defect 
is  remedied.  If  excessive  bleeding  occur,  it  is  better  to  postpone  the 
operation,  chiefly  because  it  is  then  difficult  to  estimate  the  final  effect 
of  the  tenotomy.  Bandages  are  objectionable  since  they  prevent  the 
use  of  the  eyes  in  binocular  fixation— an  exercise  that  should  boo-in 
immediately  after  the  operation. 

Advancement.  The  tendinous  insertion  may  be  brought  forward 
with  o without  resection  of  a portion  of  the  tendon  itself,  or  the  latter 

1 American  Text-book  of  Diseases  of  the  Eye,  1899,  pp.  521-522. 
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may  be  shortened  by  making  in  it  a “tuck”  or  “ knuckle.”  Of 
the  numerous  operations  for  simple  advancement,  the  writer  has  for 
many  years  been  satisfied  with  a modification  of  the  well-known 
operation  of  Schweigger,  combined  with  the  Black  method  of  tying 
the  sutures.  It  is  usually  done  under  a general  anaesthetic.  A full 
curved  needle  is  threaded  with  No.  3 iron-dyed  silk,  bringing  the  ends 
of  thread  together  and  tying  them  in  a small  hard  knot,  or  both  ends 
of  the  thread  may  be  passed  through  the  eye 
of  the  needle  at  the  same  time,  leaving  the 
end  of  the  suture  in  the  form  of  a loop,  in- 
stead of  a knot.  The  needle  is  now  passed 
through  the  conjunctiva,  taking  a good  bite 
into  the  sclera  close  to  the  cornea,  as  indi- 
cated in  Fig.  93. 

After  the  thread  is  pulled  about  half-way, 
the  needle  is  passed  through  between  the 
threads  on  the  other  side  of  its  entrance 
into  the  sclera,  and  then  drawn  home,  thus 
affording  a firm  point  of  fixation.  A similar 
suture  is  fixed  in  the  same  manner  upon  the 
opposite  side  of  the  cornea.  The  coniunc- 
tiva  and  I enon  s capsule  are  now  well  divided  and  reber.) 
over  the  muscle,  the  latter  being  thoroughly 

exposed  and  well  cleaned  of  connective  tissue.  Two  strabismus  hooks 
are  passed  underneath  the  muscle  (one  from  each  side),  or  an  advance- 
ment forceps  (Prince’s  or  Clark’s)  is  made  to  grasp  the  muscular  body, 
so  as  to  hold  it  steady  and  away  from  its  bed.  The  suture?  art 
now  passed  through  the  muscle  from  below  upward  as  far  back 


Fig.  92. 


Prince’s  advancement  forceps. 


Fig.  91. 


Advancement  of  a muscle.  Ex- 

TVisnrp  nf  thp  mncelA  tPT  Axror-T  t 


as  is  believed  necessary,  and  pulled  about  haF-way  home.  The 
muscle,  still  held  with  the  hook  or  forceps,  is  now  cut  off  just  in  front 
of  the  entrance  of  the  sutures.  The  piece  of  tendon  attached  to  the 
globe  is  grasped  and  cleanly  dissected  cut 

The  sutures  are  now  pulled  home,  and  both  grasped  between  thumb 
and  finger,  while  the  globe  is  fixe  a with  forceps  on  the  nasal  side  of 
the  cornea  and  turned  outward  (in  operating  on  the  external  rectus), 
while  the  muscle  is  advanced  to  the  desired  position.  The  stitches 
are  now  tied  in  a surgeon's  knot  over  the  muscle,  as  indicated  in 
Fig.  94.  The  original  opening  in  the  mucous  membrane  is  stitched 
together  by  fine  sutures  There  may  be  some  reaction  following  this 
operation,  requiring  the  frequent  application  of  hot  fomentations,  but 
if  proper  precautions  have  been  taken  this  is  unusual. 


Fig.  93. 


One  of  the  most  effective  methods  of  shortening  the  muscle , by  taking 
a “tuck”  in  its  tendon,  is  comprised  in  an  advancement  operation 
devised  in  part  by  Frank  C.  Todd.  Supposing  the  internal  rectus  to 
be  operated  on,  a flap  of  conjunctiva  and  Tenon’s  capsule  is  dissected 

up  and  turned  back,  so  as  to  freely 
expose  the  tendon.  (Figs.  96  and  97.) 
The  upper  and  crossed  prong  of  the 
“tucker”  is  inserted  beneath  the  ten- 
don and  the  arms  of  the  instrument 
separated  by  the  screw-nut  to  produce 
the  desired  effect,  as  shown  in  Fig.  95. 
Catgut  sutures  are  passed  above  and 
below,  through  the  three  layers  of  ten- 
don and  tied,  as  in  Fig.  98;  two  double- 
threaded  black-silk  sutures  are  passed 
(one  above  and  one  below)  through  the 
loop  in  the  tendon,  thence  through  the 
conjunctival  flaps  and  episcleral  tissue 
on  either  side  of  the  cornea  to  close  the  wound,  and  act  as  guy-ropes 
while  the  healing  process  goes  on. 

Nystagmus.  This  symptom  consists  of  involuntary  movements  of 
the  globe,  either  rotary,  from  side  to  side  (horizontal  nystagmus),  up 


Advancement  of  a muscle.  Introduction 
of  sutures.  (Hansell  and  Reber.) 


and  d n\n  (vertical),  or  a combination  of  these  excursions.  The  sec- 
ond ;s  the  commonest  variety,  and  it  is  often  found  in  those  born  with 
defective  sight — e.  g.,  in  albinos,  in  coloboma  of  the  choroid,  and  in 
other  developmental  anomalies  of  the  visual  apparatus.  These  patients 
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are  unconscious  of  the  oscillation  of  the  globe,  and  do  not  complain 
of  it  as  such.  That  this  peculiar  condition  may  be  hereditary  is  well 
shown  by  many  observers.  The  writer1  reported  a family  of  twenty- 
three  children  and  grandchildren  descended  from  a pronounced 
blonde  male  ancestor,  with  perfectly  healthy  eyes  and  nervous  system, 
and  a decided  brunette  with  myopia  and  congenital  nystagmus.  Two 
descendants  only  were  brunettes;  they  were  the  subjects  of  marked 
congenital  nystagmus,  while  the  other  twenty-one  had  healthy  eyes. 
From  these  and  other  considerations  it  seems  justifiable  to  assume 
that  there  is  some  fault  of  the  co-ordinating  centres  in  most  of  the 


Fig.  96. 


Fig.  95. 


Fig.  95.— Instrument  for  placing  a “ tuck,”  in  muscle-shoi  fceui ng.  (Todd.) 
FIG.  96.— Muscle-shortening  with  the  Todd  “ tucker.  Fi^t  stage. 


congenital  cases.  While  visual  defects  arc  frequently  present,  yet 
not  everyone  with  congenital  visual  anomalies  has  nystagmus,  and, 
in  some  instances,  the  eyes,  apart  from  the  irregular  globar  excur- 
sions, are  practically  normal. 

Acquired  nystagmus  is  present  in  50  per  cent,  of  all  cases  of 
sclerosis  in  patches,  and  it  is  also  noticed  occasionally  in  those  who 
work  in  abnormal  or  strained  attitudes.  A well-known  example  of 
the  acquired  variety  is  u miner’s  nystagmus.”  Here,  to  the  unnatural 
positions  these  workers  are  obliged  to  assume  for  hours  at  a time,  is 
added  insufficient  1’glit;  the  ocular  centres  of  co-ordination  are  not 


» North  American  Practitioner,  April,  1892. 
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properly  stimulated,  owing  to  a lack  of  definite  retinal  images,  and 
the  unwonted  strain  on  the  oblique  muscles  in  particular  ends  in 
irregular  movements  of  the  globe.  We  thus  have  to  deal  with  a 
professional  inco-ordination  of  a class  akin  to  writer’s  cramp,  the 
individual  so  affected  being  both  conscious  of  and  annoyed  by  the 
trouble.  Later  on,  his  nervous  system  adapts  itself  to  the  situation, 
just  as  in  the  case  of  congenital  nystagmics.  The  treatment  of  the 
congenital  variety  is  to  improve  the  vision,  if  possible,  and  to  correct 


Fig.  97. 


Fig.  98. 


muscular  errors.  If  this  can  be 
done,  improvement  often  follows. 
The  nystagmic  patient  usually 
holds  his  head  in  a peculiar  posi- 
tion while  fixing  for  ooth  distance 
and  near;  he  should  be  allowed 
to  continue  this  practice  (unless 
it  be  due  to  imbalance  of  his 
muscles),  is  he  often  succeeds 
thereby  in  steadying  the  oscil- 
lating eyeballs.  Patients  with  ac- 
quired nystagmus  should  abandon 
tneir  injurious  occupation,  and 


Muscle-shortening  with  the  “ tucker.”  Second  quired  nystagmus  should  abandon 


give  their  eyes  prolonged  rest  correcting-glasses  being  ordered  for 
distant  fixation.  A cure  generally  follows  if  hygienic  measures  are 
early  applied. 

Exercise  of  the  Week  \ye  and  the  Use  of  the  Stereoscope  in 
Heterotropia.  Still  less  than  formerly  is  the  ophthalmic  surgeon 
content  with  merely  straightening”  the  crossed  eyes  of  his  patients. 
As  we  have  seen,  loss  of  binocular  vision  is  involved  in  all  cases  of 
squint  and  in  some  classes  of  heterophoria.  We  have,  consequently, 
not  done  our  full  duty  until  we  have  made  every  effort  to  restore 
or  to  enable  the  patient  to  acquire  the  capacity  for  seeing  with  both 
eyes  together. 

In  qmte  a few  examples  of  strabismus  this  desirable  result  is  neces- 
sarily impossible.  The  squinting  eye  may  be  congenitally  defective 
1 1 {,  degree  incapable  of  vision  with  the  fellow  eye,  or  there  may  be 
m unconquerable  aversion  to  binocular  sight  upon  the  part  of"  one 
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or  both  eyes,  the  nature  of  which  we  do  not  know,  except  that  it 
probably  predicates  a lack  of  development  in  some  one  or  other  of 
the  central  neurons  implicated  in  the  visual  act.  Again,  binocular 
single  vision  may  be  unobtainable  on  account  of  incurable  lesions 
(corneal  nebulae,  intra-ocular  disease)  of  the  strabismic  eye,  whereby 
sight  is  permanently  lowered,  although  it  may  be  good  in  the  fixing  eye. 

Fortunately  it  happens  that  in  a majority  of  instances  binocular 
vision  is  to  a greater  or  less  extent  possible  after  the  relief  of  strabis- 
mus. Moreover,  the  eyes  that  acquire  stereoscopic  or  single  vision 
are  usually  those  whose  excursions  in  all  directions  are  normal  and 
remain  normal.  The  ideal  result,  then,  from  the  surgeon’s  stand- 
point differs  from  that  of  the  patient  in  that,  while  the  latter  is  alone 
interested  in  the  cosmetic  appearance,  the  former  is  concerned  in  the 
question  as  to  whether  the  hitherto  useless  eye  can  be  made  to  take 
part  in  the  function  of  sight.  The  old  device  of  covering  the  better 
eye,  so  that  the  weak  (or  squinting)  organ  may  be  exercised  and 
strengthened,  is  helpful  before  operation,  or  as  adjunct  to  other 
treatment,  if  carried  out  regularly,  say,  for  half  an  hour  at  a time, 
three  or  four  times  daily.  With  a little  patience,  children  of  tender 
years  can  be  induced  to  wear  a light  bandage  over  the  amblyopic  eye, 
and  use  it,  even  while  at  play,  to  great  advantage.  As  it  is  highly 
desirable  to  begin  the  treatment  of  infantile  strabismus  at  as  early 
a period  as  possible  this  plan  should  be  carried  out,  in  conjunction 
with  the  periodic  use  of  atropine  and  tinted  glasses  as  soon  as  the 
child  begins  to  walk.  A single  drop  of  a ^ per  cent,  solution  of  atropine 
instilled  into  each  eye  three  times  daily  for  the  first  few  days  of  each 
month  certainly  helps  to  relieve  the  early  spasm  of  the  interni  and 
cil  ary  muscles  and  to  check  a convergent  squint. 

In  quite  another  fashion  do  we  endeavor  to  force  the  two  eves  to 
functionate  as  far  as  possible  in  unison  after  the  employment  of 
means  (glasses,  atropine,  operation,  etc.)  to  correct  the  strabismus 
proper.  The  best  means  is  the  employment  of  the  stereoscope. 
Landolt,  Worth,  and  others  have  invented  various  improved  instru- 
ments, and  while  these  are  of  advantage,  especially  in  private  prac- 
tice, none  is  absolutely  necessary.  The  ordirary  stereoscope  is  pro- 
vided with  a card  on  which  are  drawn  or  printed  pictures — two  such 
dissimilar  objects  as  a square  and  a circle  wii1  do  very  well — one  oppo- 
site each  eyehole.  The  patient  exercises  for  a few  seconds,  first  of  all, 
the  defective  eye  alone,  and  then,  uncovering  the  sound  eye,  looks  at 
both  objects  through  the  instrument  endeavoring  to  see  them  singly 
if  possible.  At  first  it  is  well,  as  Landolt  suggests,  to  weaken  by 
means  of  lenses  the  vision  of  the  better  eye,  and  so  further  encourage 
the  defective  organ.  Such  exercises  should  be  employed  immediately 
after  operation,  and  ought  to  be  continued  several  times  daily  for 
weeks  or  months.  They’  should  also  be  supplemented  by  the  exercise 
of  single  vision  in  the  distance.  A red  glass  is  placed  before  the 
better  eye  while  the  patient  attempts  to  fuse  the  red  and  white 
images  of  a candle  piaced  6 m.  away. 


CHAPTER  V. 


DISEASES  OF  THE  ORBIT,  LACRYMAL  APPARATUS, 

AND  LIDS. 

By  R.  A.  REEVE,  M.D. 

THE  ORBIT. 

Anatomy.  The  human  orbit  consists  of  two  cone-shaped  cavities, 
about  one  and  three-quarters  inches  deep,  which  slightly  converge 
toward  one  another,  as  may  be  seen  by  the  accompanying  figure. 
(Fig.  99.)  Each  orbit  is  composed  of  a number  of  bones — i.  e.,  the 
frontal,  the  superior  maxillary,  the  malar,  the  palate,  the  lacrymal, 
the  sphenoid,  and  the  ethmoid. 

By  reason  of  the  organ  which  it  contains,  as  well  as  the  close  con- 
nection which  it  has  by  means  of  its  thin  walls  and  its  foramina  with 
the  cranium,  the  ethmoidal,  the  sphenoidal  and  frontal  sinuses,  and 
the  antrum  of  Highmore,  the  orbit  may  well  be  regarded  t s one  of 
the  most  important  cavities  of  the  body. 

The  posterior  portion  or  apex  of  the  orbit  contains  tVee  important 
apertures : the  optic  foramen,  for  the  transmission  of  the  optic  nerve 
and  the  ophthalmic  artery,  the  superior  orbital  f ss  ire,  through  which 
pass  the  nerves  which  supply  the  muscles  of  the  eye,  and  the  first 
branch  of  the  trigeminus,  and  the  inferior  orLital  fissure.  The  second 
branch  of  the  trigeminus  passes  through  this  opening. 

The  supra-orbital  notch  is  found  at  the  upper  inner  angle  for  the 
transmission  of  the  supra-orbital  artery  and  nerve,  while  a canal  just 
below  the  inferior  rim  of  the  orbit  contains  the  artery  and  nerve  of 
the  same  name. 

The  orbit  is  relatively  large  in  children,  Merkel  being  authority 
for  the  statement  that  at  five  years  of  age  the  base  of  the  orbit  lacks 
only  2 mm.  or  3 mm.  of  its  adult  height,  which  it  gains  usually  in 
the  next  two  years.  Its  full  breadth  is  not  attained,  however, 
until  somewhat  ^ter.  The  periosteum  covers  the  walls  of  the 
orbit,  and  the  f ss  ires  are  closed  in  by  membrane.  The  orbit  con- 
tains the  eyeball  and  its  attached  muscles,  the  optic  nerve,  the 
vessels  and  nerves,  and  the  lacrymal  gland.  In  addition  to  these 
structures  there  is  a cushion  of  fat  which  fills  in  the  interstices  be- 
tween them,  and  a dense  fascia  which  connects  all  the  parts  and  is 
expanded  along  the  walls  of  the  orbit,  upon  the  ocular  muscles,  and, 
finally,  upon  the  eyeball  itself. 

For  the  protection  of  the  eye  against  injury,  the  orbit  is  bounded 
superiorly  by  the  eyebrows,  externally  and  inferiorly  by  a strong  rim, 
( 192 ) 
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and  internally  by  the  nose.  The  eyebrows  vary  in  texture,  direction, 
and  size  in  different  individuals,  but  as  a rule  they  are  coarser  and 
more  marked  in  men  than  in  women. 

The  fissure  which  is  made  by  the  opening  of  the  lids,  the  so-called 
palpebral  fissure , is  oval,  averaging  from  25  to  30  mm.  in  length, 
and  from  12  to  14  mm.  in  breadth.  If  the  eyeball  be  protruded,. 


Fig.  99. 


Anterolateral  region  01  +hv  skull.  (Cryer.) 


exophthalmos , the  fissure  widens,  if  it  recedes,  enophthalmos,  the 
fissure  is  narrowed. 

Exophthalmos  results  from  an  increase  in  the  volume  of  the  con- 
tents of  the  orbit,  as  in  hemorrhage,  cellulitis,  or  neoplasms  of  the 
orbit;  it  may  be  ocops’oned  by  a lack  of  tone  in  the  recti  muscles, 
or  after  paralysis,  or  it  may  be  a symptom  of  Graves'  disease  or 
exophthalmic  goitre.  (See  page  208.) 

] 3 
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Enophthalmos.  Recession  of  the  eyeball  occurs  after  injuries  in 
which  cicatricial  contraction  of  the  orbital  tissues  has  followed,  or 
atrophy  ensued,  from  nerve  lesions,  and  in  cases  of  fracture  with 
displacement  of  the  floor  of  the  orbit  (Lang) ; when  the  orbital  con- 
tents have  been  reduced  in  the  course  of  operations  or  in  cholera 
(from  excessive  drainage),  and  in  marasmus;  also  in  paralysis  of  the 
sympathetic  involving  Muller's  lid-muscle;  after  the  spontaneous 
subsidence  of  pulsating  exophthalmos  (Bronner),  and  in  the  neurotic 
atrophy  of  the  face. 

Enophthalmos  also  occurs  in  a class  of  cases  recently  worked  out 
by  Tuerk  and  by  Wolff,  in  which  there  are  congenital  shortness,  fixity, 
and  inaction  of  the  external  rectus  of  one  or  other  side,  from  “ par- 
alysis" (really  aplasia).  The  normal  tonic  contraction  of  the  internal 
rectus  draws  the  eye  slightly  backward,  and  causes  narrowing  of  the 
palpebral  fissure,  owing  to  loss  by  the  lids  of  the  usual  support  of 
the  globe.  In  attempted  adduction  the  retraction  is  more  marked 
and  the  fissure  narrower,  and  the  globe  is  apt  to  be  turned  up  or 
down.  Treacher  Collins  says  the  tonic  contraction  of  the  orbital 
muscles  (which  are  congenitally  short)  is  not  compensated,  owfing  to 
the  absence  or  insertion  too  far  back  of  the  check  ligaments;  hence 
the  enophthalmos. 


Diseases  of  the  Orbit. 

Cellulitis.  This  may  be  of  a mild  type,  and  soon  abate,  but  much 
more  often  it  is  severe  or  phlegmonous,  and  ends  in  suppuration 
(abscess).  The  early  symptoms  are  redness  and  swelling  of  the  lids 
and  chemosis  of  the  conjunctiva,  with  deep-seated  pain  and  some 
tenderness.  The  mobility  of  the  eye  may  be  impaired.  At  this 
point  resolution  may  begin  (first  group),  01  the  disease  may  be  arrested 
and  recovery  set  in;  but  in  the  usual  course  the  inflammation  goes 
on  steadily  and  rapidly,  the  tempei  at  ure  rises,  and  the  pain  becomes 
intense.  As  early  as  the  third  or  fourth  day  the  greatly  swollen  lids 
may  be  distended  or  even  pushed  apart  by  the  highly  engorged  and 
chemotic  eyeball,  which  ib  now  quite  prominent  and  immobile. 
The  lids  become  braw  ly,  and  soon  there  is  indication  of  pointing, 
and  spontaneous  evacuation  of  pus  may  occur.  The  vision  may 
remain  good,  or  ic  may  become  defective,  owing  to  optic  neuritis, 
etc.  The  degree  ol  stretching  of  the  optic  nerve  from  proptosis  (for- 
ward displacement),  compatible  with  normal  vision,  is  often  a matter 
of  surprise 

Etiology.  Oellulitis  may  be  caused  by  exposure,  cold,  etc.;  trauma, 
blows,  penetrating  wounds,  especially  with  septic  invasion,  lodge- 
ment of  foreign  bodies;  lacrymal  cystitis,  erysipelas,  anthrax,  etc.; 
septic  emboli  of  the  orbital  veins,  as  in  pyaemia,  metria,  etc. ; periostitis 
md  osteitis  of  one  or  other  wall,  as  in  sinusitis  of  the  ethmoid,  frontal, 
or  antrum,  and  suppurative  periodontitis;  metastasis,  in  which  the 
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pneumococcus  is  the  active  agent;  also  septic  phlebitis  and  thrombus 
in  thrombosis  of  the  cavernous  sinus.  There  are  at  times  points 
which  aid  in  the  diagnosis,  e.  g.,  if  in  a case  of  purulent  rhinitis  (in- 
fluenza, la  grippe),  with  ensuing  oedema,  mainly  of  the  inner  end  of 
the  lid,  chemosis  and  impaired  adduction,  acute  cellulitis  should  de- 
velop, it  might  fairly  be  ascribed  to  ethmoiditis,  which  would  cause 
an  exudation  on  the  inner  orbital  wall  that  would  cripple  the  internal 
•rectus.  So  if  the  lower  lid  became  first  affected,  the  eye  being  pushed 
up  and  rotation  down 'restricted,  disease  of  the  antrum  would  be 
suspected.  If  the  cellulitis  is  symmetrical  (double),  or  that  of  the 
second  eye  follows  after  a short  interval,  a diagnosis  of  thrombosis  of 
the  cavernous  sinuses,  likely  septic,  would  be  warranted. 

Treatment.  If  the  case  is  seen  early,  the  ice-bag  or  iced  compresses 
should  be  ordered,  with  local  depletion  by  leeches  or  wet-cups  at 
temple ; if  the  leeches  are  applied  at  the  inner  canthus,  the  bleeding 
is  more  effective.  The  patient  should  be  put  to  bed;  small  doses 
of  calomel  with  anodynes  and  salines  may  be  given,  and  any  faulty 
condition  of  the  nasal  passages  attended  to.  If  relief  is  not  had,  the 
hot  fomentations  should  be  substituted.  And  if  there  is  reason  to 
suspect  the  formation  of  pus,  or  the  eye  itself  is  suffering,  deep  inci- 
sions should  be  made,  preferably  through  the  conjunctiva,  but  if 
the  lid  cannot  be  pressed  back,  then  directly  through  the  lid.  Great 
care  must  be  taken  to  avoid  the  globe,  the  point  of  the  long,  narrow 
scalpel  or  linear  cataract  knife  being  pushed  slowly  in  and  deeply 
along  one  or  other  bony  wall  of  the  orbit.  The  adult  orbit  is  one  and 
three-quarters  inches  in  depth,  and,  as  pus  sometimes  forms  near  the 
apex,  the  knife  should  go  deeply  if  needful.  If  pus  does  not  escapt, 
a second  or  even  third  exploratory  puncture  should  be  made  at  other 
points.  The  wounds  should  be  kept  open  by  tents,  and  if  pus  pre- 
sents, syringing  should  be  practised  daily  with  1:  3000  solution  of 
perchloride,  or  1 : 40  carbolic  acid,  etc.  Where  empyema  m che  eth- 
moid is  found,  it  is  desirable,  in  some  cases  at  least,  to  open  a passage 
by  means  of  a strong  probe  or  trocar  into  the  nasal  fossa  through 
the  ethmoid,  drawing  the  drainage-tube  through  by  means  of  a thread 
attached  to  the  eye  of  a probe.  In  this  way  1 lore  effective  irrigation 
of  the  parts  can  be  made.  Necrosed  or  carious  bone  will  require 
curetting,  and  any  disease  of  the  antrum,  f-jntal  sinus,  lacrymal  sac, 
etc.,  should  be  treated. 

Periostitis  and  Osteitis.  These  ma\  be  acute  or  chronic.  The 
acute  form  may  be  caused  by  extension  of  inflammation  from  adja- 
cent parts,  most  often  the  ethmoidal  or  frontal  sinuses,  the  signs  indi- 
cating the  probable  point  of  origin;  also  by  blows,  foreign  bodies,  etc., 
the  point  of  impact  determining  the  site,  generally  in  the  region  of 
the  orbital  border.  Slight  injuries  may  be  effective  in  young  scrofu- 
lous subjects,  in  whom  osteoperiostitis  may  also  appear  to  be  idio- 
pathic. Syphilis  may  sex.  up  an  acute  localized  periostitis,  and  cellu- 
litis may  also  causi  >t.  Acute  periostitis  and  osteitis  may  end  in 
resolution,  but  more  often  suppuration  (abscess)  develops,  or  they 
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become  chronic.  Chronic  periostitis  and  osteitis  are,  as  a rule,  due 
to  syphilis  (tertiary).  The  orbital  rim  is  the  most  common  seat  of 
the  at  first  ill-defined  doughy  tumors  (nodes)  attached  to  the  bone, 
which  are  attended  by  characteristic  nocturnal  pain  or  increase  of 
pain.  The  infiltration  and  pain  soon  yield  to  large  doses  of  potassium 
iodide.  Left  alone,  ulceration  and  caries  may  set  in,  causing  sinuses  in 
the  fascia  and  lids,  with  final  deformity  (ectropion,  entropion,  etc.). 
Nodes  may  also  undergo  eburnation,  either  from  chronic  periostitis 
(periostosis)  or  condensing  osteitis  with  hypertrophy  (exostosis).  A 
deep-seated  periostitis  now  and  then  occurs,  mostly  syphilitic  and 
tertiary,  which  causes  paralysis  of  the  orbital  muscles  by  involving 
the  third,  fourth,  or  sixth  nerve,  and  it  may  also  cause  exophthalmos, 
partly  hidden  by  the  ptosis.  When  at  the  apex  the  optic  nerve  may 
also  be  involved,  the  pressure  or  neuritis  causing  amblyopia.  Peri- 
ostosis may  ensue,  and  in  this  event,  or  if  treatment  be  too  late  or 
ineffective,  there  will  likely  be  permanent  blindness  from  secondary 
atrophy  of  the  optic  nerve,  with  ptosis  and  other  paralysis.  Very 
rarely  periostitis  at  the  apex  with  some  cellulitis  and  pure  proptosis 
are  due  to  empyema,  etc.,  of  the  sphenoidal  sinus.  Secondary  am- 
blyopia and  contracted  field,  or  optic  neuritis,  atrophy,  and  blindness 
are  apt  to  occur,  and  may  be  double.  Pain  in  frontal,  temporal,  and 
occipital  regions,  variable  vision,  and  the  results  of  rhinoscopy  and 
ophthalmoscopy,  may  point  to  the  diagnosis.  In  periostitis  pressure 
on  some  part  of  the  orbital  rim  causes  much  pain,  and  the  oedema 
of  the  lids  develops  less  regularly  than  in 
cellulitis  proper.  In  the  former,  signs  of  the 
disease  are  much  more  apt  to  be  localized, 
e.  g.,  one  lid  or  even  ptrc  of  a lid  may  be 
swollen,  etc.,  and  the  bone  only  tender  beneath 
it.  (Fig.  100.)  In  cellulitis  pressure  on  the 
globe  itself  is  apt  to  cause  deep  pain,  and 
palpation  just  within  the  bony  rim  shows  that 
the  parts  are  firm,  tense,  and  tender.  Very 
rarely  acute  diffuse  periostitis  occurs,  and  cell- 
ulitis quickly  ensues.  The  systemic  disturb- 
ance is  greater  than  in  acute  cellulitis,  and 
the  condition  is  much  more  grave.  As  suppuration  is  apt  to  occur 
rapidly,  with  added  risk  of  necrosis  and  burrowing  sinuses  if  abor- 
tive treatment  fail,  early  incision  to  the  bone  is  indicated,  and  several 
will  be  needed  in  the  diffuse  form. 

Periostitis  01  one  or  other  wall  of  the  orbit  which  stops  short  of 
exciting  acute  diffuse  cellulitis  is  not  uncommon.  In  chronic,  quiet 
ethmoiditis  with  purulent  discharge  from  the  nares,  osteitis  of  the  os 
planum,  and  secondary  periostitis  by  extension  on  the  orbital  side, 
the  cellulitis  and  exudation  may  be  limited,  the  oedema  being  mainly 
in  the  nasal  half  of  the  upper  lid,  with  impaired  adduction  and  prob- 
ably slight  displacement  of  the  eyeball  outward,  with  diplopia. 
In  the  same  way  periostitis  of  the  upper  orbital  border  may  follow 


Fig.  100. 


Periostitis  of  orbital  margin. 
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osteitis  of  the  floor  of  the  frontal  sinus  in  chronic  or  acute  sinusitis, 
with  secondary  oedema  of  only  the  upper  lid,  mainly  at  the  inner  half. 
Under  these  conditions  pressure  on  the  bony  rim  is  painful,  and  the 
eye  may  be  displaced  slightly  down  and  out.  If  the  antrum  is  the 
seat  of  the  primary  disease,  the  lower  margin  of  the  orbit  will  be  very 
tender,  and  oedema  mostly  of  the  lower  lid  will  develop,  movement  of 
the  eye  downward  being  restricted,  or  the  globe  may  be  tilted  up- 
ward. 

Treatment.  In  adults  local  depletion  by  leeches  or  wet-cups, 
the  ice-bag,  the  Leiter  coil,  or  compresses  wet  with  the  lead-and- 
spirit  lotion,  rest  in  bed;  in  rheumatic  cases  sodium  or  strontium 
salicylate  in  frequent  doses  with  or  followed  by  potassium  or  sodium 
iodide,  and  in  these  subjects  dry  heat  by  Japanese  hot-box  or  hot 
fomentations  may  be  more  comforting  than  cold;  in  secondary 
cases  a short  active  course  of  mercury  by  inunction  or  internally, 
with  potass,  iodid.  in  ascending  doses,  and  in  those  at  the  tertiary 
stage  pot.  or  sod.  iodid.  in  doses  of  fifteen  grains,  thirty  grains,  to 
sixty  grains  every  four  hours.  If  signs  of  pus  show,  early  incision 
to  the  bone  is  indicated,  followed  by  a course  of  gentle  syringing 
with  antiseptics,  e.  g.,  carbolic  acid  1 : 100  or  1 : 40,  hydrarg.  per- 
chlorid.  1 : 3000,  etc.  Syringing  should  be  kept  up  as  long  as  there 
is  any  purulent  discharge,  and  a tent  or  tube  used  until  it  is  evident 
the  disease  is  spent.  In  so-called  scrofulous  cases  syr.  ferri  iodid. 
and  syr.  calcis  lacto-phosph.,  syr.  phosph.  (Parrish),  ol.  morrhuse, 
with  the  best  hygiene,  are  indicated.  In  case  of  osteoperiostitis 
where  there  has  been  spontaneous  opening  the  probe  should  be  usjcl 
carefully  so  as  not  to  disturb  unduly  nature’s  barriers  and  cause 
further  complication.  All  rough  bone  is  not  necessarily  necrotic,  and 
time  should  be  given  for  necrosed  tissue  to  separate  and  the  carious 
surface  to  heal  over  before  one  actively  interferes.  Then,  if  needful, 
the  sinus  should  be  enlarged  by  sponge  tent  or  incision,  and  the 
curette,  gouge,  etc.,  used  secundem  artem. 

Tenonitis.  This  is,  as  a rule,  a mild  type  of  inflammation  of  the 
capsular  portion  of  the  orbital  fascia.  The  symptoms  are  chemosis 
and  exophthalmos,  which  may  be  slight;  fain  and  tenderness  on 
pressure,  with  impaired  mobility.  (Edema  of  the  lids  is  absent  in 
slight  cases,  and  is  not  a marked  feature  any.  This  is  one  point 
in  diagnosis  between  tenonitis  and  cellulitis  proper — in  the  latter  the 
oedema  of  the  lids  is  marked.  The  chemosis  of  tenonitis  is  also  dis- 
tinct, and  at  times  decided,  and  is  always  out  of  proportion  to  the 
oedema.  The  reverse  is  the  case  in  cellulitis.  It  is  due  to  rheuma- 
tism and  gout,  mild  sepsis,  and  erysipelas,  and  always  follows 
panophthalmitis,  which  may  dso  excite  cellulitis;  it  is  sometimes 
caused  by  injury  and,  row  and  then,  follows  tenotomy. 

Treatment.  In  the  tenonitis  of  rheumatic  or  gouty  origin  marked 
and  speedy  relief  folVws  the  prompt  and  full  exhibition  of  sodium  (or 
strontium)  salicyla'  e with  or  without  colchicum ; potassium  or  sodium 
iodide,  and  lifchia  being  given  at  the  same  time  or  later.  Pilocarpine 
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or  jaborandi  in  dose  sufficient  to  cause  free  sweating,  daily  for  a 
few  times,  may  suffice  alone,  and  it  may  be  used  as  an  adjuvant  to 
hasten  recovery.  Topically,  the  lead-and-spirit  lotion  may  be  useful, 
and,  where  dry  heat  is  preferred,  the  Japanese  “ hot-box.” 

Injuries,  Foreign  Bodies,  etc.  Foreign  bodies  most  often  enter 
between  the  globe  and  the  roof  or  the  inner  wall.  A large  foreign 
body  may  enter  and  be  impacted  and  the  eye  escape.  Hence  an  off- 
hand opinion  should  not  be  given,  especially  in  view  of  the  tolerance 
of  the  socket  for  intruding  non-septic  bodies.  Many  notable  examples 
of  the  latter  could  be  cited,  curious,  interesting,  and  instructive.1 
On  the  other  hand,  the  possible  risk  to  life  from  secondary  processes 
in  seeming  slight  injuries  should  be  kept  in  mind,  and  therefore,  as  a 
rule,  a guarded  prognosis  be  given,  especially  in  view  of  a possible 
medico-legal  bearing.  The  primary  effects  may  include  injury  or 
loss  of  the  eye,  or  lesion  of  the  optic  nerve,  with  sudden  blindness, 
or  true  aneurism,  or  aneurismal  varix,  or  free  hemorrhage  with  infil- 
tration of  the  tissues,  proptosis,  etc.  The  orbital  wall  may  be  pene- 
trated or  fractured.  Following  forcible  entry  of  a pointed  stick, 
foil,  etc.,  especially  from  below,  perforation  of  the  roof  with  lesion 
of  the  meninges  or  brain  is  apt  to  occur.  Bullets  may  enter  through 
the  temple  and  cut  the  optic  nerve,  or  plough  their  way  through  globe 
or  lids  and  on  into  the  anterior  or  middle  fossa.  Severe  blcws  may 
fracture  one  or  other  wall  of  the  orbit  or  of  the  optic  canal  cause 
hemorrhage  into  the  sheath  or  direct  lesion  of  optic  nerve  and  blind- 
ness, without  external  sign,  or  bleeding  into  the  cellular  tissues,  with 
extravasation  into  the  lids,  when  fracture  is  almost  certain ; or  may 
open  communication  with  one  or  other  sinus,  causing  emphysema, 
with  much  swelling  and  crackling  crepitus,  borne  large  foreign 
bodies  lodge  in  part  in  adjacent  cavities,  a 5 the  sphenomaxillary 
fissure,  nasal  fossa,  etc. 

The  secondary  results  of  injuries  a”e  orbital  cellulitis  (generally 
septic),  with  possible  optic  neuritis  and  atrophy,  and  blindness; 
paralysis  of  one  or  more  ocular  muscles,  periostitis,  and  osteitis, 
with  consecutive  meningitis,  brain  abscess,  and  death;  also  throm- 
bosis of  the  cavernous  sinus,  single  or  symmetrical,  from  the  septic 
orbital  phlebitis  of  cellulitis;  and  enophthalmos.  It  should  be  borne 
in  mind  that  penetratii  g wounds  with  lesion  of  the  roof  are  treach- 
erous; a quiet  interva1  ol  several  days  or  even  weeks  with  fair  promise 
may  end  abruptly  in  g^uve  acute  symptoms  with  speedy  death. 

One  may  get  some  clue  to  the  lesion  from  the  nature  of  the  accident 
and  the  symptoms,  and  by  the  careful  use  of  the  probe  and  finger. 
Great  pains  should  be  taken  and  will  be  rewarded,  while  care  is  had 
not  to  add  to  the  trauma.  Where  an  interval  has  elapsed,  a spongy 
cicatrix,  a wound  which  will  not  quite  heal,  or  one  which  reopens, 
is  significant.  At  times  several  foreign  bodies  may  be  lodged.  Some 

Of  recent  ones : knife-blade,  38  mm.  long  by  8 mm.,  in  lower  part  of  orbit  thirty-two  years,  with 
Dormal  vision  and  perfect  movement  of  the  globe.  (C.  Holmes.) 
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cases  are  not  obscure,  e.  g.,  an  impacted  splinter  in  the  outer  wall  may 
cripple  the  external  rectus,  causing  pain  in  attempted  abduction,  with 
convergent  squint  and  diplopia.  A skiagraph  after  the  improved 
methods  of  Sweet,  Davidson,  and  others  is,  of  course,  decisive  as  to 
the  site  of  metallic  missiles  or  other  foreign  bodies  opaque  to  the 
x-rays. 

Treatment.  Small  bodies  unless  easily  got  at  are  best  left  in  situ 
if  not  causing  trouble.  Large  bodies  should  be  removed  promptly, 
noting  on  a trial  attempt  if  the  globe  is  dragged  upon.  Some  freeing 
or  careful  dissection  may  be  necessary,  the  wound  being  enlarged; 
and  in  case  of  impacted  arrow-shafts  or  a large  splinter,  strong  for- 
ceps are  required  in  lieu  of  the  sequestrum  or  crocodile  pattern,  which 
usually  suffices.  Iced  compresses,  cold  lead-and-spirit  lotion,  rest 
in  bed,  salines,  etc.,  will  tend  to  ward  off  undue  reaction.  If  pain 
and  swelling  persist  or  light  up,  with  pyrexia,  in  spite  of  these  and 
local  depletions,  and  pus  seems  forming,  hot  fomentations  should 
be  used,  and  incision  made  as  in  cellulitis  and  periostitis. 

Pulsating  Exophthalmos.  This  is  a condition  largely  due  to  trauma, 
in  which  proptosis  and  pulsation  of  the  eyeball  and  loud  subjective 
and  audible  tinnitus  are  leading  symptoms.  The  old-time  view  as 
to  the  etiology  is  not  now  held,  for  there  can  be  no  doubt  that  it  is 
most  often  due  to  intracranial  and  not  orbital  lesions,  the  changes 
in  the  orbital  contents  being  secondary  and  symptomatic.  In  the 
few  cases  in  which  the  mischief  has  been  proved  to  be  orbital  there 
have  been  found  true  aneurism  of  the  ophthalmic  artery  or  of  some 
of  its  branches,  traumatic  diffuse  or  cir- 
cumscribed aneurism,  and  arteriovenous 
aneurism,  aneurism  by  anastomosis  and 
angiomata,  or  telangiectatic  tumor.  Of 
intracranial  lesions,  the  most  common  is 
traumatic  aneurismal  varix  in  the  cavern- 
ous sinus,  the  carotid  artery  pumping  into 
the  sinus  through  a breach  in  its  wall,  and 
so  into  the  ophthalmic  vein,  etc. ; aneurism 
of  the  internal  carotid,  aneurism  of  the 
ophthalmic  artery  at  its  point  of  origin 
from  the  internal  carotid — very  rare.  . 

Symptoms.  Subjective.  One-sided 
loud,  pulsating,  blowing,  churning,  rush-  . 
ing,  or  roaring  tinnitus,  increased  by  stooping,  reduced  by  opening 
mouth  widely,  and  stopped  by  compression  of  the  common  carotid  of 
the  same  side;  diplopia  often,  tA  least  in  some  parts  of  the  field 
( e . g .,  paresis  of  external  rictus);  pain  not  a constant  symptom,  but 

present  in  many  cases.  . . ... 

Objective.  Proptosis,  sometimes  very  marked,  with  inability  to 
close  the  eye,  and  a i times  displacement  outward  and  downward, 
with  impaired  motility;  convergent  squint  constant  or  on  attempted 
abduction;  eyelids  dusky  and  much  swollen,  and  veins  of  brow,  fore- 


Fig.  101. 


Traumatic  pulsating  exophthalmos. 
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head  and  temple  notably  distended  and  quite  sinuous;  a tense  but 
compressible  vascular  tumor  at  inner  end  of  brow — dilated  ophthalmic 
vein — giving  a strong  impulse  to  finger-tip;  vessels  of  eyeball  much 
engorged  and  conjunctiva  chemotic;  caruncle  large  and  fleshy  and 
protruding.  (Fig.  101.)  Palpation  of  lids  and  globe  yields  a thrill 
and  distinct  pulsation,  the  latter  visible.  There  is  a loud  bruit  with 
ear  to  side  of  head  or  at  any  point  of  it,  loudest  with  stethoscope 
at  inner  end  of  brow,  with  instant  almost  startling  quiet  on  com- 
pression of  common  carotid.  The  latter  stops  all  thrill  and  pulsation, 
the  eyeball  readily  yields  to  pressure,  and  the  finger  may  be  dipped 
deeply  into  the  flaccid  ophthalmic  vein.  The  sight  and  field  of  vision 
may  be  normal  or  but  little  affected.  The  fundus  shows  hypercemia  of 
the  optic  disk  and  pulsation  of  the  retinal  veins,  which  are  apt  to  be 
greatly  dilated  and  tortuous.  There  are  at  times  papillitis  and  reti- 
nitis, etc. 

Etiology.  Pulsating  exophthalmos  may  be  idiopathic  or  trau- 
matic. The  former  occurs  mainly  in  females,  the  latter  most  often 
among  men ; while  in  some  of  the  traumatic  cases  the  symptoms  appear 
quickly,  in  others  they  develop  slowly.  In  the  idiopathic  variety 
they  are  apt  to  be  sudden  in  onset — pain  and  a great  “crack”  or 
“snap”  at  the  start,  and  in  a few  hours  great  swelling  of  lids,  oedema 
of  conjunctiva,  proptosis,  and  pulsation,  with  most  disturbing  tinnitus. 
When  due  to  trauma,  an  early  if  not  the  first  special  symptom  in  some 
cases  is  a high  note  as  if  there  were  only  a small  hole  in  the  vessel 
wall.  The  loud,  pulsating,  and  roaring  tinnitus  nw;  uot  ensue  for 
some  days  or  weeks,  and  the  same  interval  may  mark  the  other  main 
symptoms.  Aneurismal  varix  in  the  neck  may  cause  pulsating 
exophthalmos  by  damming  the  venous  outflov v 'from  the  sinuses. 
(Gifford.)  The  diagnosis  should  be  much  aided  in  the  idiopathic  cases 
by  the  rapidity  and  fulminating  nature  of  the  symptoms.  The  fact 
of  trauma,  more  or  less  severe,  and  of  the  tense  pulsating  sac  at  the 
upper  inner  part  of  the  orbit,  at  once  made  flaccid  by  stopping  the 
carotid  flow,  should  distinguish  from  orbital  growths,  especially  vascu- 
lar malignant  forms,  which  also  cans*'  proptosis  and  pulsation.'  Then, 
paresis  of  the  external  rectum  with  pulsating  tumor  on  the  inner  side 
of  the  eyeball,  is  significant  3cme  points  in  the  'pathology  have  already 
been  cited.  There  are  some  anomalies;  the  absence  of  aneurism  or 
other  vascular  lesion  has  been  shown  in  a series  of  cases  by  autopsy. 
And  in  various  instances  of  true  aneurism  of  the  internal  carotid  in 
the  cavernous  sin  is,  as  proved  by  post-mortem,  pulsating  exophthal- 
mos had  not  occurred.  Relief  of  pressure  on  the  ophthalmic  vein 
through  the  setting  up  of  collateral  circulation  might  explain  this. 

Treatment  ond  Prognosis.  In  view  of  the  fact  that  there  has  been 
spontaneous  recovery  in  probably  7 or  8 per  cent.,  some  surgeons 
follow  expectant  course,  giving  potass,  iodid.,  and  enjoining 
qu'et,  etc.  Compression  of  the  common  carotid  has  cured  in  a 
still  larger  number,  and  rightly  is  held  worthy  of  trial.  It  is  resorted 
to  by  some  merely  as  a safeguard  before  operating.  If  kept  up  for 
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a short  time  every  day  for  weeks  or  months  in  idiopathic  cases,  it  may 
succeed;  in  traumatic  cases  it  should  be  applied  continuously  for 
hours  daily.  (Sattler,  in  Noyes.)  In  a case  of  the  writer's,  of  single 
pulsating  exophthalmos  due  to  trauma,  in  which  ligation  of  both  com- 
mon carotids  proved  ineffective,  it  was  preferred  to  test  first  the 
effect  of  pressure  in  conjunction  with  a course  of  potass,  iodid., 
because  there  were  no  urgent  symptoms  present;  the  sight  was  good, 
there  was  no  pain,  the  process  was  seemingly  at  a stand-still,  and 
compression  had  availed  in  various  cases;  while,  on  the  other  hand, 
ligation  had  sometimes  failed,  and  was  itself  not  free  from  risk.1 
Ligation  of  the  common  carotid  is  the  most  reliable  treatment,  being 
effective  in  about  60  per  cent,  of  the  cases  operated  on.  Death  has 
followed  in  about  10  per  cent,  of  the  remainder. 

Ligation  of  the  second  common  carotid  has  now  and  then  been 
curative  in  failure  of  ligation  on  the  affected  side.  Ligation  of  the 
external  carotid  on  the  affected  side  after  failure  of  that  of  the  com- 
mon carotid  has  sometimes  been  successful,  and  in  the  writer's  opinion 
it  is  a step  that  should  be  taken  in  preference  to  ligation  of  the 
second  common  carotid.  There  seems  ground  for  the  view  that 
treatment  by  prolonged  compression  militates  against  the  success  of 
ligation.  As  a rule,  life  is  not  jeopardized,  although  rendered 
miserable  in  cases  which  have  been  left  alone.  The  attempt  to  plug 
the  ophthalmic  vein  by  a firm,  deeply  placed  clot  by  means  of  gal- 
vanopuncture,  the  positive  pole  (needle)  being  passed  far  in,  is  worthy 
of  trial,  and  it  should  prove  useful,  if  not  per  se , at  least  with  com- 
pression, medication  by  potassium  iodide  and  ferric  tannate,  or 
where  ligation  has  given  only  partial  relief. 

Dr.  Argyll  Robertson  reports2  two  cases  of  pulsating  tumor  of  the 
orbit  with  bruit,  in  which  electrolysis  was  used. 

Thrombosis  of  the  cavernous  sinus  causes  venous  stasis  in  the 
orbit,  with  general  infiltration  and  oedema  of  lids.  If  due  to  sepsis, 
as  is  the  rule,  phlebitis  and  thrombi  with  cellulitis  follow,  with 
marked  oedema  of  lids,  exophthalmos,  and  immobility  of  globe.  Be- 
fore the  eyeball  becomes  fixed,  paralysis  of  the  third  and  sixth  nerves 
may  be  made  out.  The  pupil  is  generally  dilated.  There  may  be 
great  tortuosity  or  thrombosis  of  the  intra-ocular  veins,  with  impaired 
sight  or  blindness. 

Etiology.  Thrombosis  of  the  cavernous  sinus  is  generally  septic  in 
origin  and  due  to  purulent  or  carious  *oci,  likely  infective,  in  some 
part  of  the  head  or  neck;  most  often  a sequel  of  infective  inflammation 
of  the  lateral  sinus,  with  septie  thrombosis  from  suppurative  otitis, 
with  or  without  caries  of  the  oeti  ous.  Erysipelas  may  set  up  throm- 
bosis through  the  medium  of  cubital  phlebitis  or  cellulitis;  also  septic 
foci  may  cause  it  in  the  nasal  fossa,  lacrymal  sac,  or  cheek,  as  in 
anthrax  or  malignant  pustule.  Thrombosis  of  the  second  cavernous 


1 Transactions  of  Oputhalmological  Society,  1893. 

2 Transactions  ->f  Ophthalmological  Society  of  the  United  Kingdom,  vol.  xx. 
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sinus  occurs  by  extension  from  the  first  through  the  circular  sinus,  or 
directly,  as  in  erysipelas.  This  contingency  adds  a feature  of  gravity 
to  facial  erysipelas  which  should  be  borne  in  mind.  In  thrombosis 
there  would  be  the  grave  general  condition,  weak,  quick  pulse,  tem- 
perature showing  steep-peaked  chart,  with  probable  rigors  and 
hebetude,  the  history,  likely,  of  chronic  otorrhcea  or  recurrent  otitis, 
with  oedema  and  tenderness  over  and  behind  the  posterior  edge  of 
the  mastoid,  and  double  optic  neuritis.  To  make  a correct  diagnosis 
is  to  give  a bad  prognosis  and  to  avoid  the  error  of  treating  the 
condition  as  cellulitis  per  se,  for  septic  cases  are,  as  a rule,  speedily 
fatal,  and  when  double,  death  is  the  more  certain.  In  the  early  stage 
antitoxin  treatment,  or  the  use  of  Credo  s ointment,  collargolum,  etc., 
may  prove  of  value. 

Tumors.  The  anatomy  of  the  orbit,  its  constituents  and  relations, 
render  it  prone  to  become  the  seat  of  neoplasms  and  to  be  invaded 
by  growths  of  adjacent  parts.  Any  change  in  the  bulk  of  its  contents 
or  its  capacity  is  apt  to  alter  the  position  of  the  eyeball,  which  is  a 
sort  of  movable  plug  in  the  septum  orbitse.  Hence  prominence  or 


Fig.  102. 


Fig.  103. 


Fig.  102.— Sarcoma  of  orbit.  Twenty-one  inches  in  cn  •'umference.  Weight,  three  pounds. 

Fig.  103.— Ivory  exostosis  of  F.  Sinus  and  orbit  wil  h n arked  exophthalmos. 

protrusion  of  the  globe,  exophthalmic , is  the  most  common  sign  and 
result  of  orbital  hyperplasia  and  tumor,  and  it  often  depends  upon 
the  same  changes  in  adjacent  cavities,  with  distention,  etc.  When 
the  globe  is  pushed  strait  o forward  or  in  the  line  of  axis,  the  term 
proptosis  is  used;  displacement  is  generally  lateral  as  well  as  forward. 
A displaced  eye  may  functionate  normally  and  give  no  trouble,  but 
crippling  of  one  or  other  of  the  orbital  muscles,  directly  by  pressure 
or  invasion  of  its  fibres,  or  through  the  motor  nerve,  at  once  causes 
disability.  Tht  ease  with  which  paresis  is  induced  renders  it  a com- 
mon result  ot  orbital  lesion  (as  well  as  intracranial).  In  addition 
to  exophthaimos  and  defective  motility,  oedema  of  the  lids  and  at 
times  greaL  stretching  are  incidents  of  orbital  growth.  Pain,  which 
is  often  wanting,  may  be  most  severe  and  annoying  if  there  is  much 
tension  of  the  parts. 

tumors  of  the  orbit  may,  as  elsewhere,  be  benign,  recurrent,  or 
nalignant.  To  the  benign  class  belong  fibromata,  osteomata,  cysts, 
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Sarcoma  of  orbit.  Encephaloid  enteration. 
Living  thirteen  years  afterward.  No  recur- 
rence. 


vascular  tumors  (angiomata,  etc.),  and  lymphomata  or  lymphade- 
nomata.  Malignant  growths,  gliomata,  carcinomata,  sarcomata,  etc., 
are,  of  course,  apt  to  recur,  the  round-cell  sarcoma  of  children  practi- 
cally certain;  but  recurrence  does  not  stamp  malignancy,  for  vascular 
and  cystic  neoplasms  are  prone  to  grow  again  unless  eradicated.  A 
fatal  result  is  brought  about  by  extension  to  the  brain  along  the 
optic  nerve,  or  through  the  sphe- 
noidal fissure,  or  through  the  walls, 
e.  g.,  roof  by  caries  or  by  metas- 
tasis. It  is  often  delayed,  and  may 
be  averted  in  orbital  tumor  from 
the  great  tendency  in  such  cases 
to  growth  outward,  i.  e.,  forward. 

(Figs.  102,  103,  and  104.)  The 
division  may  be  arbitrary,  but  is 
useful,  of  orbital  tumors  into  those 
arising  within  the  socket  and  start- 
ing from  the  cellular  tissue — the 
main  seat,  the  walls,  lacrymal 
gland,  optic  nerve  or  vessels — and 
those  invading  the  orbit  from  ad- 
jacent parts  or  cavities,  as  is  often 
the  case  in  osteomata  and  sarco- 
mata. In  the  latter  in  young  sub- 
jects, without  pain  or  pyrexia,  there  may  be  no  sign  until  exophthal- 
mos shows,  and  then  there  is  rapid  growth.  One  should  weigh  well 
such  points  as  the  condition  of  the  patient,  the  size  and  the  rate  of 
growth,  site  or  origin  and  attachments  of  the  neoplasms,  whether 
fixed  or  movable,  hard  or  soft,  smooth  or  nodular,  compressible, 
tender  or  pulsating;  the  kind  and  degree  of  displacement  01  the 
globe,  and  of  any  paresis,  the  acuity  of  vision,  state  of  the  fundus 
oculi,’  and  of  the  adnexa  and  accessory  sinuses.  As  gro  vths  vary 
so  much  in  nature,  and  if  malignant  should  be  extn  rated  early,  if 
at  all,  it  is  advisable  to  employ  every  diagnostic  aid.  Inspection 
and  the  careful  use  of  the  finger  can  tell  one  muca.  The  finger-tip 
is  pressed  along  and  just  within  the  orbit.' 1 rim,  and  then  back 
between  it  and  the  globe,  testing  the  floor  of  the  frontal  sinus,  the 
region  of  the  ethmoid  back  on  the  inner  wall,  of  the  lacrymal  gland., 
and  of  the  antrum.  Cysts  may  feel  firm  when  well  packed;  soft, 
round-cell  sarcoma  if  encapsulated  may  stretch  the  bag  so  tightly 
as  to  seem  quite  hard,  and  a subperiosteal  mass  of  the  same,  or  even 
of  pus,  may  simulate  hyperostosis.  Hence  the  need  of  exploratory 
incision  to  determine  the  true  state  of  things,  especially  when  too 
deep  for  palpation.  Under  asepsis  it  is  free  from  special  risks,  anti 
it  should  always  be  made  in  cases  of  doubt.  An  incision  is  carefully 
made  through  the  skin  in  line  with  the  orbicularis  fibres,  and  just 
within  the  orbital  margin,  or  between  the  lids  and  the  globe,  going 
deeper  and  slowly,  and  if  beyond  one’s  ken  the  mirror  may  be  used, 
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also  the  little  finger  and  probe.  Exploratory  puncture  at  times 
gives  a useful  hint,  and  the  microscope  may  be  needed  to  fix  the 
diagnosis.  Kronlein’s  osteoplastic  resection  of  the  outer  wall  of  the 
orbit  has  been  urged  and  used  for  diagnostic  purposes.  It  has 
proved  useful  in  exposing  and  removing  deep-seated  neoplasms 
with  the  least  risk  to  the  globe,  optic  nerve,  etc.  Eyes  may  require 
to  be  sacrificed  by  operating  from  the  front  which  could  be  saved  by 
the  Kronlein  method.  This  granted,  good  work  can  be  done  and 
large  growths  removed  by  incisions  through  the  lids.  It  is  important 
to  learn  the  state  of  the  nasal  passages  by  anterior  and  posterior 
rhinoscopy,  and  of  the  maxillary  sinus — at  least  by  exclusion — before 
giving  the  prognosis  or  resorting  to  operations.  Transillumination 
may  be  of  service,  for  if  the  antrum  or  frontal  sinus  fail  to  light  up 
there  is  likely  a growth  or  other  morbid  condition. 

Angioma  may  begin  in  the  lids  and  dip  into  the  orbit,  and  it  may 
start  in  the  orbit  and  invade  the  lids,  involving  also  the  lacrymal 
gland  and  requiring  sacrifice  of  the  latter  in  the  extirpation  (de 
Schweinitz).  The  rare  encapsuled  cavernous  variety  of  angioma  simu- 
lates tumor  of  the  optic  nerve,  but  vision  is  unaffected.  It  is  removed 
by  careful  dissection.  The  Kronlein  method  is  preferable 

Aneurism  by  Anastomosis.  Subcutaneous  nsevus  is  a species  of 
angioma  in  which  congeries  of  dilated  arteries  from  a mass  that  yie  ds 
pulsation  and  a tough  and  doughy  feel  on  palpation,  aid  gives  a 
bluish  tinge  to  the  swollen  lid. 

To  a variety  of  angioma,  varicose  veins  in  the  orbit,  is  attributed 
the  rare  intermittent  exophthalmos , in  which  protrusion  of  the  eyeball 
occurs  when  the  head  is  dependent,  and  rece^s'on  in  the  erect  or 
recumbent  position. 

Lymphangioma  is  allied  to  cavernous  angioma.  It  is  a retro- 
ocular  encapsuled  growth,  and  is  similar]  y treated  by  extirpation. 

Pure  myxoma  occurs  now  and  then  as  a soft  or  doughy  encapsuled 
tumor,  causing  exophthalmos,  etc.,  and  should  be  dissected  out. 

# Lymphoma  or  lymphadenoma  is  an  occasional  innocent  neoplasm 
simulating  clinically  and  histologically  small-cell  sarcoma,  but  yield- 
ing to  a full  course  of  arsenic  This  remedy  should  have  a fair  trial 
in  all  doubtful  cases  as  should  potassium  iodide  whenever  there  is  the 
least  suspicion  of  specific  oiigin. 

Lipoma  or  encapsuled  fatty  tumor  is  of  very  slow  growth.  If 
small,  it  may  be  felt  as  a soft,  elastic,  movable  tumor  ; if  large,  the 
eye  and  lids  will  be  more  or  less  prominent,  and  the  latter  yield  a 
fleshy  feel.  It  is  very  rare,  and  excision  is  the  only  treatment. 
Fibro-angiolipoma  is  not  unusual  (W.  A.  Holden). 

Chondronec.  or  enchondroma,  a purely  cartilaginous  tumor,  is  ex- 
ceedingly rare.  It  may  spring  from  the  sphenoid,  and,  growing  very 
slowly  exuse  at  length  great  exophthalmos.  Now  and  then  chondro- 
sarcoma and  chondrofibroma  occur. 

'!  amor  of  the  Optic  Nerve.  The  features  are  slow  and,  as  a rule, 
painless  growth  in  a healthy  subject,  gradually  increasing  proptosis, 


DISEASES  OF  ORBIT , LACRYMAL  APPARATUS,  AND  LIDS.  205 

mostly  in  the  line  of  the  axis  of  the  orbit,1  but  with  mobility  of  the 
eyeball  probably  good,  optic  neuritis,  or  “ atrophy,”  and  vision  early 
impaired  or  lost.2  In  some  cases  marked  hypermetropia  develops 
from  flattening  of  the  globe  by  retro-ocular  pressure.  Palpation 
may  not  make  out  the  tumor  if  small.  Removal  is  indicated.  The 
neoplasm  is  encapsulated  and  non-recurrent,  and  therefore  the  prog- 
nosis is  so  far  good ; but  it  is  likely  a much  higher  percentage  succumb 
to  intracranial  extension — possibly  after  a long  interval — than  is 
suspected.  Fibromatosis  expresses  the  pathological  character  of  these 
growths,  which  histologically  are  essentially  mesoblastic  in  nature 
(Byers).  (See  page  464.) 

Operation.  Extirpation  may  be  done  by  careful  deep  dissection 
on  the  inner  or  outer  side  of  the  globe  with  the  finger-tip  as  a guide 
(H.  Knapp’s  method),  the  closed  scissors’  points  being  used  to  sep- 
arate parts  and  to  isolate  the  growth.  The  external  rectus  and 
outer  canthus  may  with  advantage  be  cut  to  gain  access  (Lagrange), 
to  be  reunited  after  removal.  The  optic  nerve  is  cut  close  to  the 
apex,  traction  is  made,  the  neoplasm  detached  from  the  globe  if  in 
contact,  the  nerve  then  divided  next  the  eyeball,  and  the  growth 
brought  away.  Some  prefer  to  section  the  nerve  in  the  reverse  order. 
The  eye  sometimes  is  saved,  and  remains  cosmetically  good,  but  more 
often  it  is  either  sacrificed  or  finally  shrinks.  The  Kronlein  method 
gives  freer  access  to  the  orbital  contents  than  the  above  method, 
long  in  vogue,  and  with  less  risk  of  excessive  hemorrhage  and  of  loss 
of  the  eyeball. 

Kronlein’s  Method.  A slightly  curved  incision  is  made  along 
the  outer  bony  margin  of  the  orbit,  dividing  the  periosteum.  The  peri- 
osteum lining  the  inner  side  of  the  lateral  wall  of  the  orbit  is  retracted, 
together  with  the  soft  orbital  contents,  and  the  inferior  orbital  tissure 
localized.  From  the  anterior  end  of  this  fissure  the  bony  wall  of 
the  orbit  is  cut  through  with  a chisel  along  two  diverging  lines,  the 
one  parsing  up  and  out  to  the  external  angular  process  of  the  frontal 
bone,  practically  in  the  suture  between  the  great  wing  of  the  sphenoid 
and  the  malar  bone,  and  the  other  in  a horizontal  plane  passing  out 
and  forward,  appearing  on  the  external  surface  oi  the  malar  bone 
in  a line  directly  above  the  insertion  of  the  zygomatic  arch.  This 
wedge-shaped  piece  of  bone,  with  its  muscular  and  cutaneous  attach- 
ments, is  strongly  forced  backward,  giving  free  access  to  the^  orbit. 
The  periosteum  is  incised  in  a horizontal  direction  (Arnold  H.  Knapp). 
After  removal  the  bone  and  overlying  soft  parts  are  replaced  and  the 
latter  carefully  sutured.  The  electric  circular  saw  makes  quicker  and 
better  section  of  the  bone  then  the  chisel. 

Osteoma.  The  ivory  exostosis,  osteoma  eburnea,  which  is  the  one 
most  often  met  with  in  the  ^Tbic,  is  of  very  slow  and  painless  growth, 
and  as  a rule  gives  no  sign  until  exophthalmos  appears.  It  is  at 
times  well  borne  untfi  there  is  decided  malposition  of  the  globe,  and 


1 About  6C  p--  Cv.n.. 


2 About  70  per  cent.  (Byers). 
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so  insidious  is  its  growth  that  this  is  the  case  even  when  it  has  started 
in  the  frontal  (or  ethmoidal)  sinus  and  pushed  the  orbital  wall  before 
it.  When  it  involves  or  invades  the  cranial  cavity,  cephalalgia  and 
other  symptoms  are  apt  to  set  in,  and  optic  neuritis  may  occur. 

Palpation  shows  a hard,  fixed,  nodular  tumor  on  the  orbital  roof 
or  inner  wall,  as  a rule,  and  a smooth,  hard,  hemispherical  swelling 
if  the  seat  is  in  the  sinus.  But  exploration,  as  stated,  is  necessary 
to  a correct  diagnosis.  The  etiology  is  indefinite;  rheumatism,  gout, 
syphilis,  etc.,  are  of  uncertain  weight.  Trauma  has  a place.  In 
three  fronto-orbital  cases  of  the  writer’s — two  osteoma  eburnea — 
trauma  in  early  life  was  almost  surely  a factor. 

Treatment.  This  is  extirpation,  which  is  a safe  procedure,  and  the 
eye,  as  a rule,  can  be  saved.  The  same  may  be  said  of  sinus-orbit 
cases  if  the  proper  method  is  followed  The  attempt  to  remove  only 
the  orbital  part  by  attacking  the  body  of  the  tumor  is  unsafe,  and 
is  not  now  made.  It  has  been  replaced  by  the  method  of  ‘ ‘ subperios- 
teal enucleation  of  H.  Knapp,  after  Maisonneuve.  The  first  step 
in  the  operation  proper,  after  reaching  the  site  by  incision  through 
the  lid,  septum  orbitie,  etc.,  is  to  divide  the  periosteum  over  the 
tumor  and  peel  it  off  to  the  basal  wall;  the  latter  is  then  carefully 
chiselled  through  close  to  the  tumor,  and  the  latter  is  grasped  and 
rotated,  and  then  lifted  or  shelled  out.  If  the  tumor  be  of  the  sinus- 
orbit  kind— e.  g.,  growing  from  the  frontal— the  wall  or  walls  will 
require  chiselling  in  order  to  release  the  growth  from  it.-  nod.  After 
removal  and  careful  cleansing,  etc.,  the  periosteum  is  reunited  by 
deep  sutures,  and  then  the  wound  closed.  Packing  o”  a drainage-tube 
may  be  used  temporarily,  and  after-treatment  is  according  to  general 
principles. 

Encephalocele  is  a congenital,  fluctuating,  nearly  always  pulsating 
and  compressible  tumor,  found  at  the  inner-upper  part  of  the  front 
of  the  orbit,  and  at  times  is  of  large  size  It  is  a hernia  of  the  brain 
and  membranes  through  a hiatus,  which  may  at  times  be  felt  at  the 
site  of  junction  of  the  frontal,  lacrymal,  and  superior  maxillary  bones, 
and  is  often  double.  It  is  extremely  rare,  and  is  inoperable.  Its 
diagnosis  is  only  important  if  the  subject  lives— the  exception. 

Sarcoma,  is  the  most  common  growth  in  the  orbit,  and  occurs  more 
often  in  children  than  in  aduits.  It  may  originate  in  any  intra-orbital 
tissue,  or  invade  the  so.cn.et  from  adjacent  parts,  sinuses,  etc.  Sar- 
coma of  the  choroid,  like  its  congener,  glioma  of  the  retina,  may 
become  extra-ocuiar  and  then  virtually  orbital.  In  some  cases  the 
growth  forms  r urge  mass,  which  is  covered  but  partially  by  the 
greatly  stretched  lids — so-called  encephaloid  or  fungus  hsematodes. 
Even  at  this  stage  radical  relief  may  follow  exenteration,  and  this 
is  the  more  likely  if  the  tumor,  though  large,  be  movable  and  the 
penoruti  unaffected.  Prolonged  immunity  from  pain  and  recrudes- 
cerct  at  least,  may  be  had  in  seemingly  desperate  cases;  but  this 
applies  almost  wholly  to  adults  and  to  mixed  forms — e.  g.,  adeno- 
sarcoma  and  fibrosarcoma.  The  latter,  which  are  encapsulated  or 
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circumscribed  and  of  very  slow  growth,  yield  good  results  to  thor- 
ough excision.  (This  holds  also  in  regard  to  carcinoma,  which  has 
occurred  only  in  the  lacrymal  gland  and  on  the  optic  nerve.) 
The  consensus  of  opinion  is  against  operation  in  orbital  sarcoma  of 
children,  in  whom,  as  a rule,  it  is  of  the  small,  round-cell,  most 
malignant  type,  and  decidedly  if  growing  from  a sinus.  It  is  held 
to  be  inoperable  in  the  sense  that  recurrence  is  almost  certain,  and 
death  is  hastened  rather  than  retarded.  The  relief  of  pain  or  other 
special  indication  or  condition  may  warrant  operation. 

Exenteration  (or  Evisceration)  of  the  Orbit.  Complete  exen- 
teration means  the  removal  of  all  the  contents  of  the  socket,  includ- 
ing the  periosteum  to  the  apex,  and  also  at  times  ablation  of  one  lid 
or  both  lids  when  involved  primarily  or  in  course.  The  outer 
canthus  is  divided  by  a cut  to  the  bone,  the  lower  lid  is  drawn 
down,  and  an  incision  is  made  in  the  retrotarsal  fold  to  the  bony 
margin  from  the  outer  to  the  inner  canthus,  and  then  similarly  to 
the  upper  orbital  rim,  passing  behind  the  lacrymal  sac  if  it  is  healthy. 

The  closed  scissors  (strong  and  curved)  are  then  passed  deeply 
along  one  or  other  bony  wall  and  made  to  sweep,  if  feasible,  around 
the  mass.  Traction  is  made,  and  the  tissues  cut  as  close  to  the  apex 
as  possible;  bleeding  is  stopped  by  pressure;  the  periosteum  is  freed 
from  any  remnants  by  the  scissors  and  sharp  curette,  and  the  stump 
trimmed  and  treated  with  10  per  cent,  solution  of  zinc  chloride.  The 
outer  canthus  may  be  restored  by  sutures.  When  oozing  has  ceased 
the  cavity  is  cleansed  and  packed  with  medicated  gauze  anointed 
with  sterilized  vaseline;  a compress  is  applied  over  the  lids  and  secured 
by  a bandage.  The  outer  dressings  should  be  replaced  on  the  second 
day,  but  the  packing  may  be  left  four  to  six  days.  If  the  growth  is 
adherent  or  the  periosteum  involved,  the  latter  is  detached  at  the 
margin  of  the  orbit  all  around  and  from  the  walls,  so  as  to  b^  removed 
entire  as  far  as  may  be  when  the  tissues  at  the  apex  am  severed. 
Any  diseased  periorbita  or  patches  of  bone  found  am  curetted  and 
treated,  as  well  as  the  stump,  with  10  per  cent,  solution  of  zinc  chlo- 
ride, or  the  chloride  of  zinc  paste  applied  on  lint.  If  the  floor  of  the 
orbit  is  carious,  it  is  advisable  to  explore  the  antrum,  and  thorough 
removal  of  the  contents  of  the  latter  is  necessary  if  it  has  been  in- 
vaded. It  is  wiser  to  sacrifice  the  lids  in  part  or  wholly  than  to  leave 
any  suspicious  tissue  which  may  be  the  nidus  of  new-growth.  The 
lacrymal  gland  is  always  removed;  and  if  the  sac  is  implicated,  it 
should,  of  course,  be  cut  away  and  the  nasal  duct  carefully  curetted. 
If  the  lids  are  to  be  sacrificed,  the  ilrst  step  is  to  cut  through  the  skin 
to  the  bony  rim,  and  follow  this  abound.  Recovery  is  much  quicker 
and  after-treatment  simpler  if  the  denuded  walls  of  the  orbit  are  at 
once  lined  with  Thiersch  skin-flaps  carefully  adapted  and  supported 
by  packing  (Mickulicz  and  H.  Friedenwald).  The  Thiersch  grafts 
may  also  be  applied  ’ater  with  advantage  to  the  (prepared)  granu- 
lating surfaces  (Busachi).  The  extreme  retraction  of  the  lids  is  thus 
averted  and  a special  form  of  artificial  eye  may  be  worn. 
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Cysts.  These  may  be  serous,  blood,  sebaceous,  dermoid,  hydatids, 
echinococci,  and  cysticerci.  They  occur  mainly  in  the  front  of  the 
orbit,  are  mostly  congenital  and  of  slow  growth,  and  are  painless  unless 
very  large.  They  may  be  firm  on  palpation,  but  on  exposure  elastic, 
if  not  fluctuating.  Hydatids  are  very  rare  in  America;  dermoids 
are  not  uncommon.  The  latter  may  lie  dormant  during  adolescence, 
showing  as  a circumscribed  swelling  at  some  point  just  within  the 
orbital  rim,  and  then  at  puberty  begin  to  grow.  Their  contents  may 
be  varied,  as  they  are  elsewhere.  It  is  well  to  bear  in  mind  that  cysts 
are  often  found  to  dip  deeply  into  the  socket  and  to  interpenetrate 
parts  to  a degree  not  suspected  before  they  are  explored.  And  as  they 
may  be  united  to  the  sheaths  of  the  muscles  or  of  the  optic  nerve  or 
globe  itself,  their  removal  may  require  careful  and  deep  dissection, 
with  risk  to  healthy  parts.  Hence  some  prefer  obliteration  by  incision, 
evisceration,  in  hydatids  as  well  as  dermoids,  etc.,  and  light  cauteriza- 
tion of  the  sac-lining  by  means  of  argent,  nit.  crystals,  or  sol.  tinct. 
iodine,  etc.,  applying  cold  to  lessen  undue  reaction,  and  keeping 
the  mouth  open  until  the  walls  become  fused  (Buller,  Mathewson, 
Standish,  etc.).  Antiseptic  injections  are  used  to  the  same  end 
(Swanzy).  Others  do  and  advise  extirpation  (Berlin,  Nettleship, 
W.  S.  Bull,  etc.). 

Exophthalmic  Goitre  (Parry’s  Disease,  Graves’  Disease  Base- 
dow’s Disease).  This  disease,  as  the  name  suggests,  is  marked  by 
proptosis  and  enlargement  of  the  thyroid  gland,  which,  w:th  tachy- 
cardia and  tremor,  form  the  so-called  cardinal  symp  corns.  The 
weight  of  evidence  points  to  the  toxic  action  of  abnormal  thyroid 
secretion  as  the  cause  of  this  strange  symptom-complex,  with  a basis 
of  neuropathy. 

Etiology.  Fully  80  per  cent,  of  the  cast  s art  females,  and  about 
33  per  cent,  occur  in  the  third  decade;  it  ii  rare  early  and  late  in 
life.  The  acute  form  follows  fright  or  other  strong  emotion,  which 
gives  color  to  the  claim  that  it  is  primarily  a pure  neurosis.  The 
usual  chronic  type  is  often  preceded'  by  a period  of  care,  anxiety,  or 
other  nervous  strain.  Heredity  plays  a part  in  so  far  at  least  as 
neurosis  is  an  etiological  factor.  Central  lesions  (in  the  medulla, 
etc.)  involving  the  sympathetic,  which  have  been  regarded  as  causa- 
tive, are  held  by  Putnim  mid  others  to  be  most  likely  secondary. 
The  essence  of  the  disease  is  some  fault  in  the  thyroid  (hyperthyrea), 
which  presents  a sort  of  compensatory  hypertrophy  with  perverted 
secretion  (Greenfield,  Moebius,  Horsley,  etc.). 

Symptoms.  One  or  other  feature  of  the  clinical  picture  may  be 
lacking,  and  the  evolution  of  the  symptoms  is  not  constant.  'The 
onset  is  gen -n ally  gradual  and  the  disease  chronic.  The  signs  of 
decided  functional  disturbance  of  the  nervous  system  are,  as  a rule, 
clearly  in  evidence. 

T uehycardia.  Cardiac  palpitation  and  rapid  pulse  are  most  often 
the  initial  symptoms.  The  pulse  runs  from  100  to  140  or  more. 
Tnere  are  marked  throbbing  of  the  carotids  and  a vascular  murmur 
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over  the  thyroid.  Enlargement  of  the  thyroid  is  generally  patent 
when  the  other  principal  symptoms  are  present.  There  is  visible 
pulsation,  and  a thrill  may  be  felt. 

Exophthalmos.  The  proptosis,  which  is  almost  always  double 
and  but  rarely  absent,  varies  according  to  the  degree  of  vascular 
turgescence  of  the  orbit  from  slight  degrees  to  marked  protrusion. 
So  great  is  the  latter  at  times  that  the  cornea  remains  constantly 
more  or  less  exposed.  It  is  then  apt  to  ulcerate,  with  loss  of  the  eye 
at  the  time,  or  later  by  secondary  glaucoma  or  septic  invasion  and 
panophthalmitis.  Hyperplasia  of  the  connective  tissue  and  increase 
of  the  orbital  fat  delay  recession  of  the  eye  in  favorable  cases. 

There  are  other  ocular  symptoms  of  interest:  (a)  Dalrymple’s 
sign : retraction  of  the  upper  lid  from  tonic  spasm  of  Midler’s  fibres. 
This  causes  the  notably  staring  look  of  such  cases  by  exposing  a 
strip  of  sclera  above  the  cornea.  It  occurs  without  proptosis,  and 
adds  to  the  effect  of  the  latter  when  present.  ( b ) Stellwag’s  sign  : in- 
frequent and  imperfect  winking  (a  and  b may  be  due  to  loss  of  sen- 
sation of  the  cornea  and  conjunctiva  and  of  the  reflexes  (C.  Wood), 
(c)  Von  Graefe’s  sign : loss  of  the  consensual  descent  of  the  upper 
lid  in  downward  movements  of  the  eye.  The  upper  lid  lags  behind 
and  the  sclera  may  be  exposed.  In  not  a few  cases  this  is  absent. 
Insufficiency  of  convergence  from  disability  of  the  internal  recti  is 
often  present  (Moebius). 

Spontaneous  pulsation  of  the  retinal  arteries  on  the  disk  (0.  Becker) 
also  occurs,  but  is  not  constant.  The  retinal  arteries  may  be  rela- 
tively large;  but  the  fundus  is  practically  normal,  and  vision  is  unaf- 
fected. Dryness  of  the  eyes  is  a not  uncommon  source  of  discomfort. 

The  resistance  of  the  body  to  the  electric  current  is  greatly  recmced 
(Wolfenden).  Profuse  sweating,  pulsatory  tinnitus,  headache,  anae- 
mia, and  mental  depression  are  common  symptoms.  .Acute  cases 
may  reach  the  acme  in  a few  days  or  weeks,  and  recover  as  quickly, 
or  end  in  death.  As  a rule,  months  may  pass  before  the  palpitation 
and  quick  pulse  are  followed  by  exophthalmos  or  Dalrymple’s  sign, 
etc.,  and  from  six  months  to  one,  two,  or  more  years  before  recovery 
ensues,  or  the  disease  may  persist. . 

Treatment.  Rest,  mental  and  physical,  is  important;  hydro- 
therapy and  massage  are  of  service;  irvi  and  digitalis  are  often 
useful  in  anaemic  cases,  and  the  tincture  of  strophanthus  as  a cardiac 
tonic;  belladonna,  iodine,  cod-liver  oil,  and  bromides  have  proved 
helpful.  Osier,  who  admits  the  uncertainty  of  medicinal  treatment 
and  decries  veratrum  viride  an  1 aconite,  says,  “no  measures  are  so 
successful  as  protracted  rest  in  bed  with  an  ice-bag  applied  contin- 
uously by  day  over  the  heart,  or,  what  is  sometimes  more  agreeable, 
over  the  lower  part  of  the  neck  and  manubrium  sterni.  I have 
known  the  pulse  to  be  reduced  in  this  way  from  140  to  90.” 

The  systematic  use  of  the  galvanic  current  has  been  of  distinct 
service  in  many  cases:  a current  of  from  0.5  to  1.5  milliamperes  for 
from  one  to  three  minutes  on  alternate  days,  the  cathode  at  the 
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angle  of  the  lower  jaw,  first  one,  then  the  other,  with  the  anode  at 
the  back  of  the  neck.  Persistent  faradization  or  galvanization  of 
the  thyroid  gland  with  strong  currents  is  certainly  useful,  whatever 
its  mode  of  action  (J.  J.  Putnam).  Thyroidectomy  has  been  of 
undoubted  value  despite  the  large  mortality  hitherto  attending  it. 
Of  sympathectomy  there  have  been  favorable  reports  and  unfavor- 
able. 

Local  Treatment.  When  the  cornea  is  partially  exposed,  the 
simplest  expedient  is  the  wearing  of  a light  protective  compress,  at 
least  at  night.  When  the  whole  cornea  is  uncovered,  tarsorrhaphy 
should  be  done;  and  this  failing,  the  lid  margins  should  be  made  raw 
at  corresponding  points,  and  be  united  broadly  in  the  centre  or  at 
several  points,  sutures  being  inserted  sufficiently  far  from  the  free 
edge  to  hold  firmly.  This  is  especially  required  in  progressive  exoph- 
thalmos, and  may  save  the  eyes  from  destructive  ulceration,  or 
arrest  the  latter  so  as  to  prevent  utter  loss  of  sight.  In  a few  in- 
stances removal  of  the  eye  has  been  necessary  to  relieve  the  sufferer 
from  excessive  pain  due  to  ulceration,  panophthalmitis,  etc. 


Diseases  of  the  Accessory  Sinuses. 

Many  cases  of  subacute,  if  not  acute,  inflammation  of  the  frontal 
sinus  recover  spontaneously,  or  under  intranasal  treatment  of  the 
exciting  rhinitis,  etc.,  without  orbital  mischief.  Orbital  periostitis 
and  cellulitis  (which  see)  are  sometimes  set  up  by  acute  suppurative 
inflammation  of  one  or  other  of  the  accessory  sinuses,  which  in  turn 
is  likely  caused  by  the  invasion  of  pyogenic  organisms  in  the  purulent 
rhinitis  of  influenza  and  ethmoidal  and  antral  empyema,  pneumonia, 
and  the  exanthemata.  Again,  chronic  en.oyema  of  the  frontal  sinus  is 
at  times  a sequel  to  the  acute  form,  or  is  latent  in  its  onset  and  course 
and  without  external  sign,  complaint  being  made  only  of  browache 
and  nasal  discharge,  which,  however,  are  present  in  ethmoidal 
empyema.  In  case  of  retention  from  imperfect  vent,  ulceration  of 
the  periosteum  and  caries  and  perforation  of  the  bony  wall  may 
slowly  ensue,  and  the  mucopurulent  contents  held  by  the  orbital 
periosteum  and  fascia,  form  a tense  swelling  along  and  beneath  the 
brow  or  at  its  inner  half,  which  fluctuates  under  pressure.  Now  and 
then  spontaneous  fistula  occurs  beneath  the  brow,  as  in  periostitis; 
but  unlike  it  in  tea1  the  probe  enters  the  sinus  and  the  discharge  is 
mucoid.  Fistula  orbitse  may  occur  also  in  chronic  empyema  of  the 
ethmoidal  or  fronto-ethmoidal  cells,  which,  indeed,  sometimes  form 
one  cavity  with  the  frontal  sins. 

In  chronic  mucocele  of  the  frontal  sinus,  which  some  embrace 
under  chronic  empyema,  though  only  yielding  mucus,  stenosis  of 
the  l 'ontonasal  canal  and  resulting  retention  and  distention  cause 
gradual  depression  of  the  floor  (orbital  roof)  and  prominence  of  the 
anterior  bony  wall  with  exophthalmos  downward  and  outward,  im- 
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paired  motility,  diplopia,  ptosis,  etc.  The  smooth  swelling  which 
dips  back  along  the  orbital  roof  may  feel  hard  or  may  yield  to  firm 
pressure,  and  the  purulent  nasal  discharge  of  empyema  is  wanting. 

Treatment.  The  general  indications  are  to  open  the  sinus,  remove 
diseased  contents,  secure  permanent  free  drainage,  and  then  carry 
out  medication,  provided  the  operation  does  not  prove  radical. 

Operation.  In  acute  empyema  of  the  frontal  sinus,  other  treat- 
ment failing,  an  incision  is  made  in  the  inner  third  of  the  eyebrow 
to  the  side  of  the  root  of  the  nose,  the  periosteum  separated  over  a lim- 
ited area,  and  a small  opening  made  with  drill  or  chisel  through  the  wall 
just  below  the  supra-orbital  ridge  and  external  to  the  mesial  line,  the 
lining  membrane  opened,  and  the  cavity  irrigated  with  1 : 40  carbolic, 
1 : 4000  collyrium  of  mercuric  chloride,  etc.  The  sinus  is  then  explored 
with  the  probe,  which  may  carefully  be  passed  into  the  frontonasal 
canal  to  test  patency.  Protargol,  5 per  cent,  solution,  may  then  be 
injected,  and  medicated  gauze  inserted.  The  latter  should  be  changed 
from  day  to  day,  and  irrigation  and  injection  practised  if  there  is 
secretion,  the  protargol  being  increased  to  10  per  cent,  or  stronger 
if  pus  continues  and  there  is  no  undue  reaction.  The  external  wound 
maybe  closed  after  several  days  if  the  discharge  has  ceased;  otherwise 
a short  tent,  plug,  or  flanged  style  may  be  used,  and  medication  con- 
tinued as  required. 

In  chronic  mucocele  the  opening  at  the  end  of  the  brow  in  the  bony 
wall  should  be  made  sufficiently  large  to  admit  a curette  or  large 
trocar.  After  irrigation  and  careful  curetting  to  remove  hyper- 
plasia, mucous  polypi,  etc.,  a free  opening  is  made  to  the  infundibu- 
lum with  trocar,  gouge,  or  burr.  Until  recently1  the  rule  was  (as  in 
empyema,  which  see)  then  to  insert  a good-sized  rubber  drainage- 
tube,  the  free  ends  being  fastened  above  the  brow  and  without  the 
nostril,  respectively,2  systematic  use  of  antiseptic  and  astringent  solu- 
tions forming  the  after-treatment.  This  may  cover  three,  six,  or 
twelve  months.  After  a time — one  or  two  months— when  the 
lower  canal  seems  smooth  and  healed,  the  long  rubber  metallic  tube 
is  replaced  by  a short  tube,  plug,  or  stylet,  and  worn  in  the  sinus  and 
hidden  by  plaster.  As  a rule,  the  orbital  roof  gradually  rises,  the 
brow  recedes,  and  the  eye  resumes  its  proper  pl<m<\ 

In  chronic  empyema  of  the  frontal  sinus  b*eer  access  to  the  cavity 
must  be  had  than  is  needed  in  the  acute  form,  or  in  mucocele  proper. 
The  effort  is  now  largely  made  to  render  the  operation  really  radical. 
Jansen  makes  an  incision  under  the  brow  and  cuts  away  the  bony 
floor,  with  after-treatment  by  repeated  packing.  In  Kuhnt’s  opera- 
tion the  aim  is  to  obliterate  the  sinus;  the  whole  of  the  front  bony 
wall  is  removed  and  the  mucous  lining  scraped  away.  To  lessen 


1 Some  form  of  “ radical  ” open  tion  is  now  in  vogue. 

2 In  twelve  cases,  under  th r i arc  of  the  writer,  of  chronic  mucocele  or  empyema,  with  enlarge- 
ment, requiring  operation,  h.  procedure  was  followed.  The  treatment  lasted  from  a few  weeks 
to  twelve  months  or  longer.  In  only  six  cases  was  it  fairly  tested,  and  in  these  the  result  was  satis- 
factory.—Canadian  Pm^tUiouer,  May,  1887. 
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deformity,  the  periosteum  is  now  left.1  To  the  same  end,  Kipp  spares 
the  upper  orbital  margin.  In  H.  Tilley’s  modified  Kuhnt  operation 
“the  cosmetic  result  in  the  majority  of  cases  leaves  nothing  to  be 
desired,  and  the  purulent  discharge  is  permanently  cured.”  Within 
three  weeks  from  the  operation  the  patient  may,  as  a rule,  be  dis- 
charged. The  incision  is  made  from  just  above  the  internal  palpe- 
bral ligament,  coming  upward  and  outward  just  below  the  line  of  the 
eyebrow  to  a little  beyond  the  junction  of  the  inner  and  middle  thirds 
of  the  supra-orbital  ridge.  After  retraction  of  the  periosteum,  a good 
deal,  but  not  the  whole,  of  the  anterior  wall  is  removed.  After  the 
usual  curetting  to  the  periosteum,  “all  crevices  or  extensions  of  the 
sinus  must  be  searched  out  with  a small  curette  or  sharp  spoon.” 
Then  a free  opening  is  made  of  at  least  one-quarter  of  an  inch  lumen 
into  the  nose  by  means  of  curved  burrs  or  a curette.  To  effect  this 
and  remove  diseased  ethmoidal  cells,  a small  segment  of  the  nasal 
process  of  the  frontal  bone  is  cut  away.  Before  packing  with  anti- 
septic gauze,  the  sinus  is  dried  and  swabbed  out  with  a solution  of 
zinc  chloride,  8 per  cent.,  or  pure  carbolic  acid.  The  soft  parts,  in- 
cluding the  periosteum,  are  sutured,  except  at  the  inner  end  where 
the  gauze  projects.  Later  a curved  silver  wire  is  inserted,  and  daily 
syringing  with  weak  carbolic  acid  lotion,  etc.,  is  practised.  Finally, 
partial  obliteration  of  the  sinus  is  secured  by  firm  external  pressure. 

Correction  of  intranasal  disease  is  an  important  adjunct,  it  not  pre- 
liminary; the  middle  sinus  and  turbinal  require  special  attention. 
Griinwald  amputates  the  anterior  half  of  the  middle  turbinal.  It 
may  be  advisable  (or  necessary,  Turner)  to  remove  the  whole.  This 
is  the  more  important  where,  as  is  often  the  case,  combined  antral, 
ethmoidal  and  frontal  sinusitis  occur. 

Tilley  rightly  warns  against  septic  osteomyelitis  of  the  frontal  bone, 
which  he  ascribes  (in  eight  or  nine  fatu!  cases  collated)  to  non-pro- 
vision for  free  drainage  into  the  nose  at  the  time  of  the  operation. 
The  external  wound  had  been  tightly  sutured,  and  septic  phlebitis  of 
the  diploic  veins  was  set  up.  The  writer  had  under  his  care  a serious 
case  of  burrowing  subperiosteal  abscesses  over  the  calvarium  from  a 
neglected  frontal  sinusitis. 

Another  form  of  operator,  the  osteoplastic  opening  of  the  frontal 
sinus2  (S.  S.  Golovine,  after  Czerny),  which,  the  author  says,  “ensures 
a complete  cure,  with  no  depression  and  scars  scarcely  visible,”  is 
done  as  follows:  A cutaneous  incision  about  4 cm.  long  is  made  along 
the  upper  edge  o.  t ie  internal  half  of  the  eyebrow,  and  at  its  internal 
extremity  another  incision  is  made  obliquely  to  it  following  the  fold 
of  the  comugoior  muscle  of  the  eyebrow.  These  two  incisions  form 
the  lette**  1 placed  horizontally,  and  in  depth  they  reach  to  the  peri- 
osteum The  soft  tissues  forming  the  upper  border  of  the  incision 
can  bo  detached  and  lifted  up.  An  arched  incision  of  about  2 cm. 


In  twenty-five  operations,  thirteen  on  one  side,  and  twelve  on  both  sides,  the  cases  were  cured  in 
uo-m  ten  days  to  two  weeks.  A number  were  not  disfigured  by  scars.  (ROpke  after  Kuhnt.) 

2 Archives  of  Ophthalmology,  vol.  xxvii.,  No.  3. 
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in  height  is  then  made  through  the  periosteum,  the  base  of  which 
corresponds  to  the  internal  third  of  the  upper  orbital  ridge.  Follow- 
ing the  line  of  incision  made  in  the  periosteum,  a small  groove  is  hol- 
lowed out  with  a chisel  which  does  not  penetrate  farther  than  the 
diploe.  Then,  by  means  of  a thin,  flat,  and  very  wide  chisel,  held 
obliquely,  the  bone  is  cut  out  without  danger  of  entering  the  skull. 
This  little  piece  of  bone  formed  from  the  anterior  wall  of  the  sinus 
can  be  raised  and  turned  back  like  a small  shutter,  the  periosteum 
and  soft  tissue  serving  for  hinges  at  its  base.  The  result  of  this  is  an 
opening  sufficiently  large  to  admit  of  complete  examination,  and 
enabling  one  to  perform  a thorough  curettement.  A drain  is  passed 
through  the  nose,  the  small  shutter  is  put  back  into  its  primitive 
place,  and  the  wound  is  sutured  and  dressed.  Daily  lavage  through 
the  drain  with  hydrogen  peroxide  is  the  after-treatment. 

Golovine  has  also  used  steam  as  a caustic  injection  in  empyema  of 
the  frontal  sinus,  passed  through  a very  small  trephine-opening  at 
the  upper  inner  angle  of  the  orbit  or  through  existing  fistula.  “The 
injection  of  the  steam  should  last  from  one-quarter  to  one-half  of  a 
minute,  and  may  be  repeated  after  several  minutes.”  This  offers  a 
sure  though  slow  obliteration  of  the  sinus — five  or  six  months'  time. 
Steam  may  also  be  used  as  an  adjuvant  in  operations. 

Ethmoidal  Sinus.  Ethmoidal  disease,  per  se,  not  involving  the 
orbit,  is  treated  intranasally.  Secondary  orbital  periostitis,  cellulitis, 
and  abscess  require  early  deep  incisions,  etc.  (See  Cellulitis.)  In 
chronic  mucocele  or  empyema  of  the  ethmoid  with  distention  and 
tumor-like  projection  into  the  orbit,  a curved  incision  is  made  from 
just  under  the  inner  third  of  the  eyebrow  to  the  inner  canthus,  keep- 
ing to  the  inner  upper  side  of  the  pulley  of  the  superior  oblique  (H. 
Knapp).  One  may  thus  explore,  curette,  make  drainway  intc  nose, 
apply  carbolic  acid,  and  insert  tent,  the  wound  being  then  (almost) 
closed.  Afterward  irrigation  of  the  ethmoid  from  in  front  is  done 
daily  or  at  short  intervals,  and  the  tent  renewed  unti1  Tie  parts  heal 
or  intranasal  treatment  suffices. 

Sphenoidal  Sinus.  The  sinus  may  be  reached  from  the  orbit  via 
the  ethmoidal  cells,  and  this  has  now  and  ther  been  nature's  pathway 
of  relief;  but  except  in  so  far  as  orbital  peiiostitis  and  cellulitis 
(which  see)  are  set  up  by  it,  the  operative  Treatment  of  sphenoidal 
empyema  has  been  almost  wholly  intranasal.  Many  cases  of  sphen- 
oidal empyema  have  been  treated  with  a high  percentage  of  success 
and  fairly  prompt  recovery  by  opening  the  anterior  wall,  curetting, 
and  medicating  (after  ablation  of  the  middle  turbinal).  In  forty-five 
cases  in  thirty-four  patients  tie  time  for  cure  was  never  longer  than 
four  months  (Grunwald). 
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THE  LACRYMAL  APPARATUS. 

Anatomy.  The  lacrymal  apparatus  consists  of  the  lacrymal  gland, 
which  secretes  the  tears,  and  the  lacrymal  passages,  through  the 
medium  of  which  the  tears  are  drained  into  the  nose.  The  lacrymal 
gland  is  an  acinous  gland  in  two  parts,  the  larger  of  which  lies  in 
a depression  in  the  bony  wall  of  the-upper  external  angle  of  the  orbit, 
while  the  smaller  is  placed  somewhat  inferiorly  to  it,  directly  beneath 
the  mucous  membrane  of  the  fornix. 


Fig.  105. 


Sf'tiou  of  lacrymal  sac.  (Arlt.) 


Both  portions  cf  tne  gland  pour  out  their  secretion  by  a series 

, sma11  ^ucts  ,llto  che  upper  outer  portion  of  the  conjunctival  cul- 
de-sac. 

The  excretory  portion  of  the  lacrymal  system  consists  of  the  puncta 
lacrymah a and  the  canaliculi.  The  puncta  are  brought  into  view  by 
T/^'ht  lids,  and  are  seen  as  small  papilla;  at  the  inner  extremity 
of  t .o  lids  at  a point  where  the  cartilage  terminates.  The  canaliculi 
the  two  hue  canals  which  are  the  continuations  of  the  puncta  at 
nrsL  run  vertically,  but  soon  turn  into  a horizontal  axis  and  empty 
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into  the  lacrymal  sac.  The  lacrymal  sac  (Fig.  105)  is  situated  in  a 
fossa  at  the  inner  angle  of  the  orbit  and  terminates  in  the  lacrymal 
duct.  When  distended,  the  sac  is  about  12  mm.  long  and  has  a 
diameter  of  about  6 mm.  It  is  narrowest  at  its  termination  into 
the  duct,  making  this  point  a favorable  one  for  the  development  of 
strictures.  The  anter.or  boundary  of  the  sac  is  formed  by  the  in- 
ternal lid  ligaments,  and  it  is  believed  that  the  contraction  of  these 
aids  the  natural  elasticity  of  the  walls  of  the  sac  in  the  expulsion 
of  its  contents  into  the  nasal  duct. 


Fig.  106. 


Duct  seen  through  the  maxillary  sinus.  The  projection  which  the  cs  nal  i -es  in  this  position 
forms  a cone  with  its  base  below  directly  continuous  with  the  inferior  meatus.  The  aPex  isdlredted 
upward  and  anteriorly  into  the  lacrymal  sac.  The  axis  of  the  canal  is  cbhque  from  above  down- 
ward from  before  backward,  and  from  within  outward  ; continued  to  we  dental  arch  it  is  seen  to 
terminate  at  the  second  molar,  while  its  superior  or  frontal  extremity  bisects  t^e  SU^lli^  rl^ 
2 cm  external  to  the  median  line  ; the  transverse  line  trace'’  over  the  wall  of  the  sinus  indicates 
the  point  where  the  canal  empties  into  the  inferior  meatus.  T „o  pins  introduced  into  the  canaliculi 
show  the  place  of  common  opening  into  the  sac. 


The  duct  (Fig.  106)  varies  in  length  from  12  mm.  to  20  mm.,  and  in 
diameter  from  3 mm.  to  4 mm.  Its  general  direction  is  expressed  best 
by  a line  drawn  from  the  inner  canthus  to  the  interval  between  the 
second  premolar  and  the  first  molar  tooth  of  the  upper  jaw.  It  ter- 
minates in  the  nasal  fosse  below  the  inferior  turbinate  body.  1 he 
mucous  membrane  of  the  lacrymal  apparatus  is  continuous,  but  diners 
somewhat  in  the  different  parts,  that  of  the  canaliculi  being  lined  with 
laminated  pavement  epithelium,  and  that  of  the  lacrymal  sac  and 
duct  with  a laver  of  cylindrical  epithelium.  Owing  to  the  projection 
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of  the  mucous  membrane  at  certain  points,  a series  of  valves  is 
formed,  the  largest  of  which,  Hasner’s  valve,  is  situated  at  the 
inferior  termination  of  the  duct.  In  the  duct  the  mucous  mem- 
brane is  connected  by  areolar  tissue  with  the  periosteum,  but  is 
separated  from  it  by  a thick  venous  plexus  which  has  the  properties 
of  cavernous  tissue. 

Though  the  moistening  of  the  eyeball  is  chiefly  effected  by  the 
action  of  the  lacrymal  gland,  a secretion  is  poured  out  by  the  con- 
junctiva and  its  mucous  glands  as  well.  It  is  for  this  reason  that  the 
eye  may  still  be  kept  moist  after  removal  of  the  gland. 

After  the  tears  have  lubricated  the  eyeball  they  are  sucked  into 
the  canaliculi  by  the  action  of  the  lids  in  forcing  the  fluid  into  the 
inner  angle  of  the  eye  and  through  the  medium  of  the  ligaments  in 
dilating  the  sac.  Their  passage  from  the  sac  into  the  nose  is  due 
partly  to  the  weight  of  the  fluid,  but  chiefly  to  the  elasticity  of  the 
sac. 

Diseases  of  the  Lacrymal  Apparatus. 

Dacryoadenitis.  Inflammation  of  the  lacrymal  gland  is  very  rare. 
It  may  be  acute  or  chronic. 

In  the  acute  form  the  outer  end  of  the  upper  lid  beneath  the  brow 
becomes  swollen,  red,  and  tender,  with  more  or  less  severe  pain,  and 
inability  to  raise  the  lid,  save  near  the  inner  canthus.  The  eyeball 
may  be  displaced  downward  and  inward.  The  focal  swelling  is  not 
in  the  lid  proper,  as  in  phlegmon  of  the  latter.  The  ad  mitis  may  be 
symmetrical,  so-called  lacrymal  mumps,  and  occur  with  parotitis. 
It  may  be  caused  by  trauma,  toxic  invasion,  cold,  etc.,  and  it  has 
occurred  by  metastasis  in  urethral  blennorrhoea,  <tnd  as  a primary 
syphilitic  symptom. ” It  may  end  in  resolution,  suppuration,  or 
the  chronic  form. 

Treatment.  Leeches,  iced  compresses,  hydrarg.  submur.,  sudorifics, 
and  laxatives.  If  the  pain,  swelling,  etc.,  increase,  hot  fotus  and 
cataplasms  should  be  used;  and  or  s;gn  of  pointing  the  phlegmon 
should  be  opened,  preferably  in  the  cul-de-sac,  to  avoid  external 
fistula. 

Chrome  adenitis  may  be  ^cuacute  in  its  onset,  or  merely  show 
slight  redness  of  the  upper  lid,  which  is  more  or  less  prominent. 
The  swollen  gland  can  be  felt  below  the  bony  rim,  and  there  is  little 
or  no  pain  or  tenderness.  Now  and  then  this  form  is  tertiary  and 
gummatous. 

Treatment.  Topically,  ungt.  hydrarg.,  hydrarg.  oleat.,  or  tinct. 
iodin.;  internally,  potassium  or  sodium  iodide,  raising  the  dose  to 
gr.  xxx.,  or  even  gr.  lx.,  t.  i.  d.,  if  well  borne,  and  giving  pilocarpine 
in  addition  in  dose  to  cause  profuse  sweating,  daily  or  on  alternate 
days,  fo-  ten  to  fifteen  times. 

In  suppurative  inflammation  of  the  accessory  or  palpebral  portion 
of  the  lacrymal  gland  there  is  a tense,  tender  swelling  in  the  outer 
upper  part  of  the  upper  lid,  with  hypenemia  and  localized  chemosis 
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at  the  site  of  the  small  ovoid  tumor  which  projects  into  the  cul-de- 
sac.  This  shortly  points  and  opens  into  the  fissure.  There  is  little 
systemic  disturbance. 

Treatment.  Early  application  of  the  lead-and-spirit  lotion  on  com- 
presses may  arrest  it.1  If  ineffective,  hot  fomentations  are  in  order. 

Hypertrophy  of  the  lacrymal  gland  is  very  rare.  It  may  be  due 
to  recurrent  inflammatory  attacks,  occurs  most  often  in  children, 
and  may  be  congenital.  The  gland  increases  in  size  very  slowly,  and 
there  is  a notable  absence  of  external  signs  of  inflammation.  The 
tumor  is  circumscribed,  somewhat  firm,  elastic,  and  nodulated.  In 
time  it  may  displace  the  eyeball  and  limit  its  movements. 

Treatment.  Treatment  by  pot.  iodid.,  especially  in  adults,  in  whom 
the  affection  may  really  be  a chronic  tertiary  adenitis,  should  be 
pushed,  large  doses  being  given  if  tolerated.  External  applications 
of  ungt.  hydrarg.,  tinct.  iodin.,  etc.,  may  be  used.  In  genuine  hyper- 
trophy, however,  operation  is  generally  required,  a part  or  the  whole 
of  the  gland  being  removed. 

Atrophy  of  the  gland  occurs  in  xerophthalmia.  It  is  said  to  be 
secondary  to  destruction  of  the  lacrymal  sac,  but  this  is  certainly 
not  a necessary  result. 

Fistula  is  caused  by  injury  or  abscess.  It- may  be  cured  by  the 
use  of  caustic  or  the  cautery  point,  or  by  passing  a suture  with  two 
needles  into  it  and  on  through  the  conjunctiva,  and  tying  both  ends 
over  a bridge  of  the  latter  at  the  fornix,  or  by  making  a counter- 
opening for  drainage  into  the  cul-de-sac  by  means  of  a suture  as  a 
seton.  These  steps  failing,  removal  of  the  gland  is  indicated.  Ii 
one  case  in  which  the  writer  did  extirpation  the  tears  were  escaping 
on  the  temporal  side  of  the  orbital  rim. 

Tumors  of  the  lacrymal  gland  are  very  rare.  Adenoma,  adcno- 
angioma,  angioma,  epithelioma,  en  chondroma,  osteochondroma, 
lymphosarcoma,  carcinoma,  cysts,  and  dermoid  growths  i ave  been 
reported;  also  miliary  tubercle  in  general  miliary  tuberculosis.  The 
diagnosis  has  to  be  worked  out  in  each  case  as  far  as  may  be,  and  as 
an  aid  a tentative  course  of  potassium  or  sodium  iodide  in  large 
doses  may  be  useful,  if  not  decisive.  Excision  shiuld  be  done  early, 
so  as,  if  possible,  to  circumscribe  the  neoplasm.  Calcareous  con- 
cretions (dacryoliths)  sometimes  occur  in  die  gland  or  duct  and  act 
as  foreign  bodies.  They  show  through  the  conjunctiva,  and  should 
be  removed  by  incision. 

Dacryops.  Cyst  of  the  lacrymal  gland  appears  as  a bluish-pink, 
semitransparent,  elastic  swelling  of  varying  size  showing  beneath  the 

1 The  following  anodyne  astringenL  rnistui  > applied  on  compresses  or  under  an  ice-bag  is  very 
useful  in  inflammation  of  the  eyelids,  i *ar  sac,  or  gland  : 

Plumb,  acetat.,  grs  v. 

Acid,  acetic,  dil.,  TT\  v. 

Atrop.  sulph.,  gr  % to  %. 

Morph,  sulph.,  gr.  j. 

Alcohol.,  3j- 

Aquae,  ad  3j. 
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conjunctiva  at  the  cul-de-sac,  and  if  large  causes  prominence  of  the 
upper  lid.  The  swelling  becomes  at  once  distinctly  larger  if  the 
subject  cries  or  the  gland  is  stimulated  from  any  cause.  It  is  gen- 
erally due  to  closure  of  an  excretory  duct  with  retention  of  tears  and 
distention  of  the  part  of  the  duct  and  gland  involved.  It  may  be 
congenital.  The  treatment  aims  at  securing  a permanent  opening 
by  incision  or  the  use  of  a suture,  by  wrhich  fistula  in  the  con- 
junctiva is  produced.  Where  there  is  a cystic  tumor  or  hydatids 
of  the  gland,  the  radical  operation  may  be  necessary,  or  treat- 
ment of  the  lining  of  the  sac  by  tinct.  iodin.,  argent,  nit.,  or  acid, 
carbol.  after  evacuation,  with  iced  compresses  to  prevent  undue 
reaction. 

Dislocation  of  the  lacrymal  gland  is  almost  wholly  due  to  trauma 
in  young  subjects,  in  whom  the  orbital  rim  is  ill  developed.  In  case 
of  lesion  the  gland  may  present  in  the  wound,  or  there  may  be  an 
almond-like  tumor  at  the  upper  and  outer  part  of  the  eyeball,  or  a 
movable  tumor  under  the  lid.  Gradual  luxation  may  occur. 

Treatment.  Reposition  may  be  possible,  and  if  not,  excision  may 
be  required;  and,  again,  interference  may  not  be  called  for. 

Epiphora.  Normally  there  is  only  sufficient  lacrymal  secretion  to 
keep  the  eye  moist,  and  there  is  no  stream  of  fluid  passing  through 
the  puncta.  A flow  occurs  only  where  there  is  hypersecretion,  so- 
called  lacrymation.  When  there  is  much  lacrymation  the  natural 
lacrymal  passages  are  inadequate,  and  the  tears  collect  m the  lacus 
or  they  overflow — a condition  termed  epiphora.  Defective  drain- 
age does  not  account  for  the  surplus  often  present:  the  gland  fre- 
quently acts  in  case  of  stricture  of  the  canaliculus  or  duct  as  if 
there  were  a foreign  body  to  be  swept  away.  A most  marked  case 
of  epiphora  of  years’  standing  was  cured  in  two  days  by  simply 
opening  the  canaliculus  into  the  sac.  Epiphora  may  result  from 
hyperaemia  or  inflammation  of  the  intra-  ocular  tissues  or  of  the  con- 
junctiva, cornea,  and  lid-edges;  injuries  of  or  foreign  bodies  on  the 
eye  or  beneath  the  eyelids,  when  'r  will  be  sudden;  malposition  of 
the  lid-edges  or  of  the  puncta,  and  atresia  of  the  puncta  or  canal- 
iculus; mucocele  (catarrh  of  the  sac  with  dilatation),  stricture  of  the 
nasal  duct  and  lacrymal  fistula ; also  rhinitis  or  defect  in  the  turbinals. 
Young  subjects  with  chronic  coryza  and  boggy  turbinals  often  have 
epiphora,  which  ceases  when  the  nasal  trouble  is  cured.  Lacrymation 
may  also  be  due  to  r<ffiex  irritation,  mainly  through  the  medium  of 
the  fifth  nerve;  sympathy  with  the  fellow  eye  and  emotional  causes 
are  well  known  Eyestrain  as  a factor  is  to  be  borne  in  mind.  Some 
cases  of  habn  lacrymation  are  due  to  it. 

A rare  caoso  of  epiphora  is  blocking  of  the  canaliculus  by  concre- 
tions of  Streptococcus  Foersteri.  It  also  arises  from  notching  of  the 
lower  id,  and  from  flaccidity  of  the  lids  due  to  loss  of  tone  of  the 
orbicularis,  and  in  paralysis  of  the  latter  it  is  most  annoying,  the 
inieispace  between  the  globe  and  lower  lid  being  filled  with  tears 
which  often  overflow — lagophthalmos. 
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As  other  and  serious  lacrymal  troubles  are  generally  preceded  by 
epiphora,  its  cause  should  be  early  found  out  and  dealt  with.  This 
may  require  some  study.  Two  or  more  of  the  conditions  cited  may 
coexist,  either  of  which  would  suffice — e.  g.,  chronic  conjunctivitis 
and  contracted  or  everted  punctum,  rhinitis  and  associated  conjunc- 
tivitis, optical  defect,  blepharitis,  etc. 

Puncta  and  Canaliculus.  Closure  of  the  puncta  (atresia)  is  rare 
It  may  be  congenital  or  due  to  shrinking  after  inflammation  or  injury, 
malposition,  etc.  The  punctum  should  be  reopened  and  stretched 
a few  times  by  a silver  pin,  blunt  needle,  or  fine  sound.  Small,  even 
minute  puncta  may  not  cause  epiphora,  but  it  does  occur  when 
their  contraction  arises  from  thickening  of  the  mucous  lining  and 
hypertrophy  of  the  sphincter  fibres,  due  to  chronic  or  recurrent  con- 
junctivitis, blepharitis,  etc.  The  puncta  then  resist  stretching  by 
the  fine  sound,  and  grip  it  like  solid  rubber— too  tightly  for  mere 
spasm.  If  after  several  forcible  dilatations  there  is  but  little  change, 
the  inner  wall  of  the  punctum  should  be  snipped  vertically  with  fine 
scissors,  to  make  a permanent  patulous  slit,  and  in  atresia  proper 
this  has  to  be  done  if  a trial  of  stretching  fails.  The  treatment  of 
inversion  of  the  punctum  is  that  of  the  entropion,  etc.,  which  causes  it. 

In  eversion  of  the  punctum  due  to  sagging  of  the  lower  lid  or  to 
slight  ectropion,  the  canaliculus  should  be  slit  and  its  inner  lip  and 
a segment  of  conjunctiva  cut  away,  making  a triangular  raw  surface 
with  base  out.  This  in  healing  often  corrects  the  faulty  position  and 
the  epiphora.  Reposition  of  the  everted  punctum  caused  by  eczema, 
etc.,  of  the  lid  generally  follows  cure  of  the  latter.  It  may,  howevf  r, 
be  necessary  to  open  the  canaliculus  well  down  on  its  inner  wan 
with  scissors.  In  paralysis  of  the  orbicularis  (facial)  more  has  to  be 
done,  and  tarsorrhaphy  (see)  is  needed,  and  the  better  to  rais°  and 
tighten  the  limp  lower  lid  its  inner  end  is  made  raw  just  below  the 
canaliculus,  and  is  stitched  to  a raw  spot  at  the  junction  of  the  upper 
lid  and  nose,  or  instead  two  small  flaps  are  made  end  stitched  to- 
gether (H.  Noyes). 

Stenosis  of  the  canaliculi,  unless  congenita , is  as  a rule  at  the 
inner  end  next  the  sac,  and  care  is  needed  in  dilating  the  stricture  to 
avoid  making  a false  passage.  The  lid  being  made  taut  by  traction 
with  the  finger-tip  on  the  malar  process,  a small  probe,  No.  2 B. 
or  3 T.,1  is  passed  vertically  into  the  punctum,  then  horizontally 
along  the  canaliculus  in  the  line  of  least  resistance,  at  the  roof,  as 
a rule,  with  a rotary  motion,  if  needed,  to  avoid  piercing  the  mucous 
folds.  Then,  if  a slight  push  inward  or  downward  causes  a distinct 
wrinkling  of  the  skin  at  the  'nner  canthus,  the  sac  has  not  been  en- 
tered, and  gentle  pressure  should  be  used  to  force  the  constriction. 
The  outer  wall  of  the  sat  will  often  yield  enough  before  the  probe 
to  mislead  the  inexperienced  operator,  and  the  point  being  forced 


1 Theobald’s  set  is  of  16  sizes : No.  1 has  a diameter  of  0.25  mm. ; No.  2,  of  0.50  mm. ; and  so  on  to 
No.  16,  which  is  4 m n.  B>  Oman’s  set  is  of  6 sizes : “ reaching  from  a fine  hair  probe,  No.  1,  to  one 
of  one-twentieth  of  an  inch  in  diameter,  No.  6.” 
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downward,  passes  through  the  wall  itself,  and,  it  may  be,  between 
the  duct  and  the  bony  canal  To  facilitate  dilatation  of  the  stricture, 
a boring  motion  may  be  tried  and  a smaller  probe  or  special  sound 
used  (as  Theobald's  new  model).  The  stricture  should  be  stretched 
to  take  No.  4 or  5 B.  or  T.,  which  should  be  passed  every  day  or 
two  for  at  least  a few  times. 

Rarely  the  canaliculus  is  the  seat  of  a fungus  (streptothrix),  and 
presents  an  ovoid  swelling,  with  viscid  discharge  from  the  patulous 
punctum;  the  caruncle  and  fold  are  hypersemic  and  the  eye  irritable 
and  watery.  The  fungous  mass  (dacryolith)  may  be  expelled  through 
the  nasal,  duct  by  syringing  per  punctum.  In  this  way  in  one  case 
of  the  writer's,  with  swelling  of  the  sac  and  seeming  incipient  cystitis, 
a globular  mass  of  the  size  of  a large  currant  was  forced  out  whole 
by  the  anterior  naris,  and  the  one  flushing — with  liq.  hydrarg.  per- 
chlor.  dil. — sufficed.  In  another  the  canaliculus  had  to  be  opened; 
the  lumen  was  found  greatly  enlarged,  and  the  lining  much  inflamed. 
The  curette  had  to  be  used,  with  after-treatment  by  sol.  hydrarg. 
perchlor.  and  protargol. 

Fig.  107. 


The  Duct.  The  anatomy  of  th^  nasal  duct  goes  far  to  show  the 
ease. with  which  some  fault  may  arise  to  cause  epiphora,  to  wit,  the 
continuity  of  its  lining  with  that  of  the  nasal  mucous  membrane, 
and  of  its  submucous  venous  plexus  with  the  erectile  cavernous  tissue 
of  the  turbinals. 

There  is  also  the  far>t  of  the  lacrymal  tube  lying  in  a bony  canal, 
the  periosteal  lining  of  which  may  play  some  part— e.  g .,  in  scrofula', 
syphilis,  .rheumatism,  etc.  Engorgement  of  the  submucous  caver- 
nosa, easily  set  up,  and  catarrhal  inflammation  of  the  mucous  lining 
by.  extension  may  singly  or  together  close  the  lumen  and  cause 
epiphora.  Folds  in  the  mucous  membrane  at  the  top  of  the  duct 
where  it  narrow,  and  at  its  nasal  end,  if  not  in  the  middle,  add  to 
the  mechanical  effect  of  inflammation  and  turgescence.  Recurrent 
inflam  nation  set  up  by  nasal  disease  may  lead  to  structural  changes 
m tlie  mucous  membrane  of  the  duct,  infiltration,  swelling,  hyper- 
trophy, and  induration,  and  also  ulceration  with  dense  cicatrix*  and 
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thus  cause  partial  stenosis  or  complete  stricture,  with  secondary 
implication  of  the  sac.  (See  Mucocele.) 

One  can  test  fairly  well  the  patency  of  the  nasal  duct  by  syringing, 
the  blunt  fine  tip  of  a hypodermic  or  of  a lacrymal  syringe  (Anel's) 
(Fig.  107)  being  passed  into  the  sac;  fluid  injected  under  gentle 
pressure  should  find  vent  by  the  anterior  or  posterior  naris.  To  give 
the  test  value,  the  canaliculus  should,  of  course,  be  patent,  and  the 
other  punctum  should  be  closed  by  pressure.  To  pave  the  way  for 
probes,  and  also  to  test  whether  or  not  a constriction  found  is  due 
to  organic  changes — e.  g.,  stricture — or  only  to  vascular  turgescence, 
the  injection  into  the  duct  of  sol.  adrenalin  chloride  1.5  : 8000,  with 
sol.  cocaine,  5 per  cent.,  is  useful. 

To  explore  the  nasal  duct,  a No.  4 B.  or  T.  probe  is  passed  through 
the  canaliculus  (as  directed)  and  pushed  on  until  the  finger-nail 
resistance  of  the  lacrymal  bone  at  the  inner  wall  of  the  sac  is  felt. 
Then,  the  point  of  the  probe  being  kept  against  the  inner  wall  of 
the  sac,  its  axis  is  changed  to  the  vertical,  and  pressure  is  made  down- 
ward and  slightly  backward,  to  coincide  with  a line  from  the  inner 
end  of  the  caruncle  to  the  point  of  junction  of  the  ala  and  cheek. 
A No.  4 Bowman  probe  is  safer  to  begin  with  than  a No.  2,  and 
the  length  as  well  as  the  line  of  direction  of  the  canal  should  be 
kept  in  mind,  else  a stricture  at  its  lower  end  may  not  be  passed 
—a  mistake  too  often  made.  It  is  a good  rule  to  gauge  the  buried 
part  of  the  probe;  it  should  reach  from  the  caruncle  to  the  edge 
of  the  ala. 

Treatment.  The  treatment  of  simple  epiphora  due  to  catarrh  il 
conditions  in  the  duct  consists  in  a short  course  (of  ten  to  twent> 
sittings  in  four  to  six  weeks)  of  careful  probing  of  the  duct  with  the 
largest  sound  the  unslit  punctum  or  canaliculus  will  take,  6 Bo  wman 
or  5 Theobald,  and  gentle  syringing  with  mild  astringent  s )'  utions— 
e.  g.,  1 gr.  sol.  zinc  sulph.,  zinc  chloride,  etc.  This,  w:on  attention 
to  any  conjunctivitis,  blepharitis,  nasal  trouble,  or  eyestrain,  will 
tide  not  a few  over  one,  two,  or  three  years,  a nd  in  "ases  of  relapse 
a few  visits  may  suffice  to  secure  a like  respite.  But  should  a fair 
trial  of  such  probes  early  fail,  the  canaliculus  should  be  split  (see 
Bowman's  operation)  that  larger  ones  may  be  used.  In  some  cases 
a short  treatment  every  six  months  may  be  needed  to  correct  nar- 
rowing, due  mainly  to  chronic  or  recurtnt  rhinitis. 

Although  the  epiphora  of  conjunctivitis,  blepharitis,  keratitis,  etc., 
is  incidental,  one  can  at  times  g-vn  relief  and  promote  cure  by  atten- 
tion to  a contracted  or  displaced  muictum,  or  by  enlarging  the  lumen 
of  the  canaliculus  and  duct  by  the  use  of  probes.  This  course  should 
not  be  neglected  in  somQ  forms  of  chronic  or  recurrent  keratitis  in 
young  subjects  as  well  as  in  adults,  in  which  treatment  also  of  any 
nasal  affection  is  a necessary  adjunct. 

Slitting  the  Cat  r ax iculus  (Bowman's  Operation).  The  punctum 
if  contracted  is  first  stretched  with  the  fine  conical  sound,  and  a 
2 per  cent,  to  5 per  cent,  solution  of  cocaine  is  then  injected  into 
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the  canaliculus,  and  the  patency  of  the  latter  ensured  by  passing  a 
No.  4 B.  or  T.  into  the  sac.  If  this  be  not  done,  a false  passage  is 
apt  to  be  made  above  a stricture  in  the  canaliculus.  The  lower  lid 
being  made  taut  by  traction  toward  the  malar  process,  and  slightly 
everted,  the  blunt-tipped  or  probe-pointed  knife  (Fig.  108)  is  passed 


Fro.  108. 


Weber’s  canaliculus  knife. 


into  the  punctum  vertically ; the  handle  is  then  dipped,  and  the  knife 
with  the  cutting  edge  up  and  in  is  pushed  on  past  the  caruncle  until 
the  sac  is  entered,  when  the  handle  is  brought  again  to  the  vertical, 
the  upper  inner  wall  of  the  canaliculus  being  divided  to  the  caruncle, 
or  to  the  sac,  as  desired.  In  cases  of  mucocele,  where  syringing  or 
irrigation  and  the  use  of  larger  probes  will  follow,  a freer  opening 


Fig.  109. 


Motnod  of  inserting  Bowman’s  probe.  (Norris  and  Oliver.) 


is  required,  and  the  sac  should  be  entered  and  cut  upward.  Care 
should  always  be  taken  not  to  injure  the  floor  of  the  canaliculus, 
which  would  cause  risk  (not  imaginary)  of  fusion  of  the  walls; 
i raumatic  stricture  is  a serious  bar  to  a good  result.  (Figs.  109  and 
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110.)  Again,  if  a false  passage  is  made  over  a stricture  in  the  canal- 
iculus, failure  is  courted,  for  a few  days  after  the  course  of  probing 
stops,  the  new  canal  may  contract  or  close. 

Some  prefer,  as  does  the  writer,  to  use  fine  but  not  sharp-pointed 
curved  scissors  in  lieu  of  the  knife  when  the  sac  wall  has  not  to  be 
opened.  With  the  lower  lid  everted  and  made  taut,  one  point  being 
pushed  into  the  canaliculus  with  convexity  toward  the  eyeball,  a 
single  snip  makes  a curved  cut  on  the  inner  wall,  which  is  hidden 
from  view — a point  in  its  favor  wTith  females.  The  raw  lips  if  kept 
apart  a few  days  heal  separately  The  majority  of  operators  choose 
the  lower  canaliculus,  but  some  always  slit  the  upper.  In  this  case 
the  upper  lid  is  drawn  tightly  toward  the  brow,  care  being  taken  not 
to  cut  the  front  wall  (skin).  Some  open  both  canals  (rarely  needed), 
while  others — not  a few — will  not  cut  either,  and  use  only  such 
probes  in  the  duct  as  can  be  passed  through  the  intact  canaliculi. 


Fig.  110. 


Fig.  111. 


But  more  violence  may  be  done  by  forcing  probes  than  by  a clean 
cut;  besides,  Bowman’s  operation  does  not  interfere  with  the  normal 
action  of  the  drainage  system.  It  also  perm'ts  ct  the  use  of  large 
probes,  tends  to  ward  off  acute  cystitis,  and  enables  patients  to  use 
the  syringe  themselves  in  the  after-treatmeiii . 

Mucocele.  This  is  a subacute  cystitis  of  die  lacrymal  sac  in  which 
the  latter  becomes  distended  by  the  pent-up  secretion  from  its  in- 
flamed lining  membrane,  together  with  tears.  It  is  secondary,  as  a 
rule,  to  stricture  of  the  nasal  duct  and  this,  in  turn,  to  recurrent 
or  chronic  rhinitis.  Fortunately,  it  is  often  one-sided,  as  indeed  nasal 
deformity  or  disease  proves  to  be.  Mucocele  mostly  develops  insid- 
iously, as  does  the  nasal  stricture,  and  there  is  often  simple  epiphora 
of  varying  degree  due  o ^he  latter,  for  months,  if  not  years,  before 
the  cystitis  supervenes.  The  retention  of  tears  and  the  presence  of 
organisms  in  the  sac  tend  to  light  up  hyperemia  of  its  lining,  with 
secretion  first  of  mucus  and  later  of  mucopus,  and  gradual  disten- 
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tion  ensues.  The  subject  then  finds  that  there  is  a doughy  swelling 
at  the  inner  canthus  which  yields  discharge,  and,  getting  relief  from 
repeated  emptying  of  the  sac  by  means  of  the  finger-tip,  continues 
the  practice.  Inspection  and  palpation  show  the  contrast  between 
the  two  sides,  the  lacrymal  crest  and  mouth  of  the  duct  being 
readily  felt  on  the  sound  side.  If  there  is  a lumpy  feeling  after  empty- 
ing there  is  likely  much  thickening  of  the  lining,  or  a polypus. 
(Fig.  111.) 

Mucocele  may  persist  for  years,  causing  annoyance  only  by  the 
epiphora  and  the  blurring  of  sight  by  flecks  of  discharge  from 
the  sac  or  conjunctiva.  Conjunctivitis  and  blepharitis  are  often 
present.  If  absent  and  the  punctum  acting,  epiphora  itself  may  be 
wanting.  There  is,  however,  always  the  risk  of  acute  inflammation, 
and  subacute  attacks  are  not  infrequent.  Besides,  the  contents  of 
the  sac  being  charged  with  organisms,  infective  ulcer  of  the  cornea 
may  occur  from  slight  abrasion,  etc.,  and  the  eye  be  lost.  The 
subjects  of  mucocele  should  always  be  warned  of  their  danger,  and 


Fin.  112. 


Bowman’s  probes. 


where  it  is  present  the  globe  should  rot  be  opened.  Proper  treat- 
ment should  first  be  instituted.  Many  eyes  have  been  lost  by  post- 
operative sepsis  due  to  mucocele. 

In  the  case  of  a large  duct  with  partial  stricture  the  contents  of 
the  sac  may  escape,  or  be  forced  from  time  to  time  into  the 
nose.  If  this  avenue  becomes  closed,  or  if  in  confirmed  stricture 
of  the  duct  the  wonted  discharge  by  the  canaliculi  is  stopped,  owing 
to  swelling,  the  tension  of  the  sac  may  lead  to  acute  cystitis  or  to 
great  stretching  with  a capacity  of  a drachm  or  more.  The  real 
size  often  does  nol  show  because  the  sac  dips  backward.  As  a final 
stage  of  neglected  mucocele  atrophy  of  the  thinned  mucous  lining  of 
the  greatly  enlarged  sac  may  occur,  and  the  latter  become  a mere 
cistern  for  the  tears  (the  “ Atony  and  Dropsy”  of  Fuchs). 

Treatment.  This  consists  mainly  in  cure  of  the  stricture  by  the 
systematic  use  of  probes.  The  first  step  in  a course  of  probing  in 
mucocol0  is  to  slit  the  canaliculus  (page  221),  and  then  to  wash  out 
th  > h ac  by  syringing  with  a 4 per  cent.  sol.  acid,  boric.,  or  sol.  hydrarg. 
perchlor.,  1 : 3000.  It  is  unsafe  to  probe  the  duct  until  this  is  done, 
unless  it  holds  merely  mucus  and  tears,  and  even  then  it  is  unwise, 
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for  the  sac  being  a favorable  culture  bed,  organisms  may  gain 
access  to  the  tissues  around  through  an  abrasion  or  false  passage, 
and  set  up  septic  inflammation.  Orbital  cellulitis,  optic  neuritis, 
atrophy,  and  blindness  may  result.  In  syringing  after  probing,  no 
force  should  be  used,  else  weak  spots  in  the  sac  wall  may  give  way 
before  vent  is  had  by  the  duct.  Where  irrigation  is  used  instead 
of  syringing,  the  sac  and  duct  being  flushed  with  a quantity  of  fluid 
on  the  siphon  plan,  a method  preferred  by  some,  the  patency  of  the 
duct  should  be  tested  before  pressure  is  made. 

The  object  of  probing  is  to  restore  the  normal  calibre  of  the  nasal 
duct  at  the  strictured  points,  with  a view  to  present  drainage  and 
future  patency.  Views  differ  as  to  the  best  method:  some  will  not 
slit  the  canaliculus,  others  will  not  use  larger  probes  than  6 Bowman. 
Not  to  do  the  Bowman  operation  and  to  continue  using  probes  which 
will  pass  the  intact  canaliculus,  ignores  cases  for  which  the  best  can- 
not be  done  unless  large  probes  are  used,  and  such  cases  are  not  few. 
Large  nasal  ducts  are  often  found  in  mucocele,  and  with  one  or  more 
ring-like  ledges  having  a lumen  of  1.5  mm.  to  2 mm.,  which  take  the 
largest  Bowman  probe.  (Fig.  112.)  Again,  the  bony  duct  in  the 
same  subject  may  differ  in  size;  on  the  side  of  the  large  canal  there 
may  be  mucocele,  and  on  the  other  simple  stricture.  The  latter  will 
probably  yield  to  ordinary  probes,  which  would  be  of  little  or  no  use 
in  the  former ; hence  the  eclectic  plan  is  a safe  rule  and  the  best  in 
the  end.  Gauge  the  probe  to  the  duct,  and  try  large  ones  when 
smaller  fail.1 

After  injecting  5 per  cent,  of  cocaine  and  1:  5000  sol.  adrenali  i, 
a No.  4 B.  or  5 T.  should  be  tried  first;  and  if  it  fits  tightly,  it  should 
be  left  in  a few  minutes;  if  not,  higher  numbers  are  at  once  tried, 
and  on  the  next  visit  a size  larger  than  that  last  used. 

Probing  should  be  done  on  alternate  days  for  two  or  three  weeks, 
and  then  twice  a week  for  a month,  or  until  the  sac  has  ceased  to 
secrete,  when  a few  visits  at  intervals  of  ten  days  may  suifice.  If, 
after  the  first  two  or  three  visits,  probing  causes  only  transient  pain, 
one  may  then  safely  use  the  largest  size  passed  under  firm  pressure, 
the  probes  being  left  in  fifteen  to  thirty  minutes.  But  if  the  pain 
lasts  several  hours  in  spite  of  cold  compresses,  and  there  is  aching 
in  the  bone  the  next  day,  there  is  risk  of  j eriostitis,  and  a rest  of 
several  days  should  be  given.  Syringing  or  irrigation  should,  how- 
ever, be  kept  up  steadily,  daily  if  possible,  for  its  astringent  and 
curative  effect,  not  only  on  sac  and  duct  proper,  but  the  lower  tur- 
binal.  In  young  or  very  nervous  subjects,  and  where  one  is  asked 
to  do  the  most  in  the  least  time  (and  this  occurs  too  often),  general 
anaesthesia  is  required.  This  allows  rapid  and,  where  needed,  forced 
dilatation,  and  the  insertion  of  the  largest  styles  taken.  This  plan 

i Theobald  uses  his  No.  16  <f  ii  a^ut  two-thirds  of  all  cases  requiring  probing,  including  those  in 
children  as  well  as  adulV  a »d  the  cases  in  which  No.  13  may  not  be  used  with  advantage  are 
extremely  rare.”  He  repor  :;s  -he  exceptions  rare  to  permanent  cure  where  this  line  is  faithfully 
followed. 
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suits  in  young  subjects,  the  style  being  left  in  a few  days  at  least 
and  in  older  ones  it  can  be  raised  daily,  if  needful,  to  empty  or  flush 
the  sac.  (See  Styles.)  Electrolysis  has  been  tried  in  order  to  get 
quicker  and  more  lasting  effect  upon  strictures  than  that  by  simple 
probing  or  the  use  of  styles.  The  negative  pole  is  connected  with 
the  probe  in  situ , and  the  sponge  of  the  positive  is  applied  to  the  cheek 
or  neck,  the  strength  of  the  current  not  to  exceed  three  milliamperes, 
and  time  of  sittings  from  two  to  five  minutes.  The  method,  which 
is  worthy  of  trial,  has  met  with  some  favor,  though  not  largely  used, 
and  it  is  still  sub  judice.  Cataphoresis  is  also  on  trial  to  a limited 
extent.  Solution  of  nitrate  of  silver  and  protargol  have  been  used  in 
purulent  blennorrhoea  of  the  sac  and  duct.  Less  often  than  formerly 
strictures  of  the  duct  are  first  freely  divided  to  the  bone  by  the  Still- 
ing or  other  knife,  and  at  once,  or  shortly,  and  from  time  to  time,  the 
Weber  biconical  or  other  large  sound  is  passed.  An  after-course  of 
syringing  may  not  be  necessary  when  the  sac  is  not  large  and  the 
secretion  scant  and  free  from  pus;  but,  as  a rule,  it  is  a most  useful 
adjunct.  In  view  of  the  return  of  the  stricture  and  of  the  blennor- 
rhoea in  not  a few  cases  of  mucocele,  even  after  careful  treatment, 
some  are  content  merely  to  slit  the  canaliculus,  dispense  with  probing, 
and  rely  upon  syringing  of  the  sac  with  astringents,  etc.,  at  home. 
The  so-called  Berlin  lacrvmal  syringe,  with  bulb  and  two  points, 
hard  rubber  and  metal,  is  a useful  form  for  this  purpose.  Some 
excise  a part  only  of  the  sac  wall,  and  curette  the  res*,  or  treat  it 
topically  with  sol.  argent,  nit.,  etc.,  and  shortly  allow  toe  wound  in 
the  skin  to  close.  This  line  of  treatment  suits  some  cu ses  of  trachoma 
of  the  sac  or  of  polypus,  which  give  a pulpy  sensation  to  the  finger- 
tip after  emptying  the  sac,  owing  to  a marked  thickening,  etc.,  of  the 
mucous  lining.  (See  Fistula.)  In  lieu  of  ordinary  extirpation,  the 
sac  may  be  entered  and  treated  from  be^ow  by  removing  the  anterior 
part  of  the  inferior  turbinate  and  the  turbinal  crest  with  a gouge, 
etc.  (Passow). 

Mucocele  in  Infants.  The  short  and  patent  nasal  duct  of  most 
infants  gives  organisms  easy  accost,  to  the  sac,  which  forms  a good 
nidus.  Acute  or  subacute  dacryocystitis  may  thus  cause  purulent 
rhinitis  shortly  after  birth,  as  early  as  one  week,  and  the  diagnosis 
is  pretty  clear.  But  blennorrnoea  of  the  sac,  which  more  often  results, 
is  a mild  process,  and  the  flat  nasal  bridge  and  relative  prominence 
and  width  of  the  inner  canthus  tend  to  mask  the  real  mischief,  muco- 
cele. Hence,  in  very  young  subjects  without  real  or  with  but  slight 
conjunctivitis  this  is  at  times  mistakenly  held  to  be  the  cause  of  the 
purulent  or  mucopurulent  discharge  found  about  the  eyes  now  and 
then  during  the  day,  or  gluing  the  lids  in  the  morning.  The  astringent 
collyrium  as  generally  prescribed  is,  as  a rule,  ineffective.  The  cul- 
de-sac  and  inner  canthus  region  should  be  filled  with  1 gr.  sol.  zinci 
chi  >rid.  or  acetat.,  or  1 : 12,000  hydrarg.  perchlorid.,  and  short,  care- 
f il  massage  of  the  sac  done — this  daily  or  twice  a day. 

In  persistent  or  recurrent  mucocele  of  infants  periodic  medication 
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of  the  sac  by  syringing  suffices,  as  a rule,  and  should  be  tried.  A 
hypodermic  syringe  answers  well,  the  blunted  and  smoothed  needle 
being  passed  into  the  canaliculus,  and  sol.  zinci  chlorid.,  zinci  sulph., 
plumb,  acetat.  of  0.5  per  cent,  strength,  sol.  hydrarg.  perchlor.  1 : 3000 
or  1 : 4000,  slowly  injected.  If  the  fluid  does  not  pass  into  the 
nose,  one  should  make  sure  that  the  tip  is  in  the  sac  before  diag- 
nosing stricture.  If  the  sac  contains  pus,  or  if  there  be  mucopus 
after  a few  injections  made  at  intervals  of  two  or  three  days,  sol. 
protargol.  10  per  cent,  should  be  used,  and  20  per  cent,  if  this  fails 
after  one  or  two  trials.  Rhinitis  should  always  be  looked  for,  and 
be  treated  (as  well  as  in  older  subjects),  else  the  treatment  may 
prove  futile,  and  this  rule  holds  in  all  young  subjects,  upon  whom 
one  should  be  slow  to  use  instruments.  In  not  a few  cases  the  free 
end  of  the  duct  is  blocked,  as  it  may  be  in  adults,  by  a fold  of  mucous 
membrane  which  interferes  with  drainage,  although  yielding  under 
the  pressure  of  the  syringe.  This  emphasizes  the  need  of  attention  to 
the  nasal  passages  in  lacrymal  cases.  Proper  treatment  of  the 
inferior  turbinals  often  cures  marked  simple  epiphora,  and  is  an 
effective  adjunct  to  medication  of  the  sac  in  case  of  mucocele. 
In  very  young  subjects  there  may  be  stricture  of  the  duct  with  (and 
without)  mucocele,  which  requires  slitting  of  the  canaliculus  and  the 
use  of  probes,  etc.,  as  in  adults. 

Dacryocystitis.  Acute  inflammation  of  the  lacrymal  sac  is  gen- 
erally a sequel  to  mucocele,  although  now  and  then  it  lights  up 
primarily  as  a complication  of  acute  coryza  (influenza,  la  grippe), 
especially  in  young  infants;  also  of  erysipelas.  In  scrofulous  or 
syphilitic  subjects  periostitis  or  osteitis  in  the  lacrymal  region  also 
causes  acute  or  subacute  cystitis.  After  exposure  or  in  the  course 
of  rhinitis,  etc.,  the  subject  of  mucocele  finds  that  pressure  on  the 
inner  canthus  does  not  disperse  the  doughy  swelling  as  usual,  but 
that  the  latter  has  become  hard,  tender,  and  tumor-like  Quickly 
pain,  often  intense  and  due  to  tension,  sets  in  with  inflammatory 
oedema,  which  in  marked  cases  closes  the  eye  ai.rt  extends  to  the 
cheek  and  over  the  nasal  bridge,  involving  the  lids  of  the  opposite 
side.  With  the  canaliculus  and  duct  closed  there  is  now  a virtual 
abscess,  which  if  unrelieved  within  a few  days  points  and  opens 
below  the  internal  tarsal  ligament,  the  pair,  swelling,  etc.,  quickly 
subsiding.  The  rapid  onset  and  smooth  glistening  skin  with  bright 
blush  have  time  and  again  led  to  p diagnosis  of  erysipelas,  but  the 
history  of  epiphora  and  mucoct’e,  and  the  intense  localized  pain 
and  exquisite  tenderness  at  the  she  of  the  sac,  should  give  the  clue. 
Generally  the  breach  soon  closes,  and  there  is  once  more  mucocele 
or  simple  cystitis,  which  may  later  lapse  again  into  the  acute  form. 
Very  rarely  the  sac  resumes  the  normal  condition.  Sometimes  the 
opening  in  the  skin  persists,  giving  vent  to  the  tears  and  mucopus 
(fistula  lacrymalis)  a sure  result  in  bone  disease,  which  may  be  the 
effect  as  well  as  the  cause,  as  already  stated,  of  acute  cystitis.  In 
a few  cases  there  is  a dissecting  infiltration  of  the  skin  down  and 
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out  from  the  inner  canthus,  forming  a doughy  broad  ridge  for  even 
an  inch,  like  a fresh  keloid  cicatrix.  In  other  cases,  and  rarely,  the 
fistula  contracts  until  there  is  but  a very  fine  opening  in  healthy  skin 
through  which  tears  only  can  ooze — capillary  fistula. 

Treatment.  In  mucocele  with  incipient  acute  cystitis  the  rule  is 
promptly  to  slit  the  canaliculus  into  the  sac  when  great  swelling  of 
the  parts  does  not  prevent  it.  The  tension  of  the  sac  is  thus  relieved, 
vent  given,  and  pain  relieved.  Other  steps  are  gentle  syringing  with 
warm  boric  acid  sol.  3 per  cent.,  or  1 : 8000  mercuric  chloride  sol.,  if 
not  too  painful;  also  the  injection  of  10  per  cent.  sol.  protargol,  and 
the  use  of  dressings  wet  with  atropine,  lead-and-spirit  lotion,  over 
which  a small  ice-bag  is  placed,  or  a piece  of  ice  in  a small  gauze  sling; 
calomel,  Seidlitz  powders,  and  pulv.  Dover.,  with  other  anodynes, 
may  prove  useful.  If  cold  is  not  grateful,  hot  fotus  now  and  then 
should  be  used.  The  canaliculus  should  be  kept  open  and  the  sac 
washed  out  daily  with  warm  boric  acid  sol.  3 per  cent.,  or  1 : 8000 
to  1 : 4000  mercuric  chloride,  and  protargol  10  per  cent,  to  20  per 
cent,  be  injected  if  pus  continues.  In  primary  acute  attacks  in 
infants,  and  sometimes  in  adults,  when  of  a mild  type,  palliative 
treatment  by  iced  compresses,  etc.,  may  suffice  without  slitting. 
The  sac  should  be  syringed  with  warm  boric  acid  sol.  through  the 
dilated  canaliculus,  and  10  per  cent,  protargol  or  argentamine  then 
injected.  If  the  case  is  not  seen  until  too  late  to  reach  the  uuncta, 
and  the  inflammation  is  progressing,  one  should  antici}  u e rupture 
through  the  skin  by  cutting  straight  into  the  sac  below  the  palpebral 
ligament.  After  gently  syringing  with  boric  acid  sol  , hydrarg.  per- 
chlorid.,  etc.,  aseptic  moist  dressings  should  be  applied  and  hot 
fotus  used.  Irrigation  should  be  practised  daily.  The  canaliculus 
should  be  slit  into  the  sac  as  soon  as  feasible,  fjr  vent  given  in  this 
way  promotes  thorough  cleansing  and  the  needing  of  the  skin  wound, 
and  expedites  the  necessary  resort  to  systematic  probing  for  the  cure 
of  the  stricture.  The  use  of  probes  should  be  begun  as  soon  as  the 
active  stage  has  passed. 

Fistula  Lacrymalis.  This  often  needs  no  special  treatment,  and 
heals  wdien  the  canaliculus  is  opened,  or  the  patency  of  the  duct  is 
restored  by  probing.  Now  and  then  fungous  tissue  within  and  at 
the  mouth  of  the  canal,  or,  again,  the  smooth  lining  of  an  old  fistula, 
requires  to  be  removed  hy  caustic,  cautery,  curette,  or  scissors,  to 
ensure  healing.  But  :f  the  sac  is  large  and  secreting  pus,  it  should 
be  opened  by  enlarging  the  fistulous  canal  freely,  and  the  diseased 
lining  swabbed  with  sol.  argent,  nit.  2 per  cent,  to  10  per  cent., 
zinc,  chlorid  i per  cent.,  or  tinct.  iodin.,  or  lightly  touched  with 
argent,  nit.  50  per  cent.,  in  the  form  of  a bead  fused  on  the  end  of 
a probe;  < v if  trachomatous,  curetted,  irrigated  with  sol.  hydrarg. 
perehlor.  1 : 1000,  dried,  treated  with  vaseline,  and  packed,  and  cold 
dressings  put  on.  One  or  other  of  the  above  may  be  needed  several 
times  at  short  intervals  before  the  discharge  ceases  or  so  abates  as  to 
allow  closure  of  the  w^ound.  A pressure  pad  then  promotes  healing, 
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vent  being  had  through  the  canaliculus  already  opened.  An  after- 
course  of  probing  is  useful.  In  the  event  of  imperfect  healing  of 
the  fistula  or  a fresh  outbreak  of  cystitis,  caries  in  the  duct  or 
of  the  lacrymal  bone,  with  internal  fistula,  will  likely  be  found 
with  the  probe,  a fair  indication  for  sacrifice  of  the  sac,  with  careful 
scraping  of  the  carious  spots,  etc.  In  this  condition,  however,  forced 
dilatation  of  the  strictured  duct  has  been  found  by  Theobald  to 
cure  many  cases,  and  this  method  should,  therefore,  have  prece- 
dence. 

Rarely  a fistula  exists  at  the  inner  canthus  near  the  sac,  but  uncon- 
nected with  the  latter  and  leading  to  a carious  spot  at  or  within 
the  inner  margin  of  the  orbit,  or  even  into  the  anterior  ethmoid  cells, 
as  shown  by  the  probe.  Again,  in  mucocele  of  the  anterior  ethmoid 
cells  there  may  be  a swelling  just  behind  and  above  the  lacrymal  sac 
which  simulates  mucocele  of  the  latter.  The  absence  of  lacrymation 
and  escape  of  the  discharge  per  punctum  on  pressure,  and  the  pas- 
sage of  fluid  into  the  nose  on  syringing,  together  with  deep  palpation, 
should  distinguish  the  condition. 

Styles . These  may  be  hollow  or  solid,  and  are  preferably  of  soft  vir- 
gin silver  or  aluminum ; lead  wire  often  is  used ; some  employ  gold,  and 
others  hard  rubber.  The  crook  should  be  sufficiently  long  to  reach 
nearly  to  the  punctum,  lying  in  the  canaliculus,  so  as  just  to  avoid 
touching  the  cornea  in  extreme  adduction,  and  the  stem  should  about 
reach  the  floor  of  the  inferior  nasal  meatus.  They  should  be  made 
perfectly  smooth,  so  as  not  to  tear  the  mucous  membrane.  The  style 
should  be  as  large  as  will  tightly  fit  the  duct  under  the  use  of  cocaine 
and  adrenalin,  and  not  smaller  than  No.  4 B.  At  short  intervals 
larger  sizes  can  be  put  in  as  stricture  or  hypertrophy  yields,  and 
when  of  large  calibre  that  of  the  crook  should  be  reduced.  If  too 
short  in  crook  and  stem,  the  style  is  apt  to  slip  down,  especially  if 
heavy,  as  of  lead,  and  the  crook  become  encysted  in  Tie  sac  wall. 
It  will  then  act  as  a foreign  body,  and  will  need  to  be  cut  out  of  its 
bed.  Hollow  styles  slipped  into  place  over  a probe  already  passed 
(Bickerton)  are  useful,  but  prominence  of  the  l^ov  may  be  a bar. 
Where  there  is  mucocele  or  blennorrhoea  the  sty  es  should  be  drawn 
up  or  removed  daily  and  the  sac  irrigated  with  an  astringent  solution. 
Patients  who  learn  to  insert  them  themselves  have  the  best  results. 
In  organic  stricture  styles  should  be  win.  if  possible  for  six  months, 
and  if  used  for  other  cases  are  to  be  worn  four  to  six  or  eight  weeks, 
a trial  respite  for  two  or  three  days  being  given  now  and  then.  Un- 
fortunately, in  many  cases  styles  are  not  tolerated,  and  in  not  a few 
the  tendency  to  the  formatior  of  granulations  prevents  their  use  for 
more  than  a few  days  at  a lime. 

With  the  proviso  to  at  a fair  trial  of  probing,  styles,  syringing, 
etc.,  treatment  of  nasa1  rassages,  etc.,  has  been  given,  the  indications 
for  extirpation  or  obliteration  of  the  sac  are:  bony  stricture  of  the 
nasal  duct,  with  constant  epiphora,  with  or  without  mucocele;  recur- 
rent stricture  of  the  duct  and  purulent  blennorrhoea;  persistent  muco- 
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cele,  with  repeated  attacks  of  acute  inflammation — phlegmonous; 
persistent  fistula,  with  inveterate  mucocele,  etc.;  marked  dropsy  of 
the  sac. 

C.  Holmes,  who  urges  and  practises  extirpation  of  the  lacrymal 
gland  and  sac  together,  observes  the  following  indications  for  the 
latter: 

1.  Imperative  operations  for  cataract,  glaucoma,  etc.,  in  the  pres- 
ence of  blennorrhoea,  etc. 

2.  In  patients  who  cannot  devote  the  time,  or  submit  to  treatment 
by  probing,  etc. 

3.  In  all  cases  where  conservative  treatment  has  failed  to  cure 
within  a reasonable  time. 

Extirpation.  The  canaliculi  are  destroyed  by  the  glowing  wire. 
The  lower  end  of  the  nasal  duct  is  sealed  by  packing  gauze  under 
the  inferior  turbinal.  A careful  incision  is  made  from  a point  just 
beneath  the  centre  of  the  lower  border  of  the  tendo  oculi,  dissecting 
obliquely  inward  and  backward  and  in  line  with  the  fibres  of  the 
orbicularis,  exposing  the  sac  up  to  its  dome  The  lips  of  the  wound 
being  retracted  and  the  bleeding  stopped;  the  sac  is  then  freed  by 
a blunt  hook  and  cut  off  at  the  edge  of  the  orbit.  If  this  is  not 
feasible,  the  sac  should  be  cut  out  piecemeal,  and  any  carious  bone 
should  be  scraped,  to  secure,  if  possible,  healing  by  first  intention. 
The  duct  is  now  curetted  and  the  parts  irrigated.  The  wound  is 
closed  by  sutures  and  the  dressings  applied,  pressure  being  made 
b*  a compress  and  strapping.  The  stitches  may  be  removed  in 
three  or  four  days.  The  nasal  passage  should  be  ! ept  as  aseptic  as 
possible  until  scar  tissue  has  blocked  the  way  to  the  soft  parts  at 
the  top  of  the  duct. 

Obliteration.  To  this  end,  caustic  an  i the  cautery  are  used,  to 
cause  sloughing  of  the  mucous  lining  of  the  upper  end  of  the  duct 
and  of  the  sac,  and  fusion  of  its  walls.  The  canaliculi  should  first 
be  sealed  by  the  careful  use  of  caustic  or  the  fine  glowing  wire. 
Usually  the  sac  is  cut  into  just  below  the  palpebral  ligament,  or  a 
fistula  is  enlarged,  bleeding  is  stopped,  and  the  sac  cleansed;  oil  or 
vaseline  is  applied  around  the  opening  and  just  within;  the  cut  is 
made  to  gape,  and  argent,  nit.,  in  the  form  of  small  beads  fused  on 
the  end  of  probes  or  crystals  held  in  fine  forceps,  is  freely  applied 
within  the  sac;  similarly  potassa  cum  calce  or  acid,  nitric,  on  a small 
tuft  of  absorbent  cotton  may  be  used;  also  acid  nitrate  of  mercury, 
zinc  chloride  paste  ( 25  per  cent-.),  and  potassa  fusa. 

The  sac  cavity  may  also  be  reached  by  cutting  through  the  floor 
of  the  canaliculi  (C.  R.  Agnew),  and  caustics,  etc.,  may  be  safely 
applied,  but  care  is  needed  to  spare  the  conjunctiva  and  to  avoid 
the  formation  of  a scar.  The  thermocautery  and  galvano-cautery 
may  also  be  used  to  destroy  the  sac,  but  the  whole  sac  lining  cannot 
be  so  readily  reached  as  with  diffusible  caustics.  In  either  case,  cold 
compresses  are  applied  for  a few  hours  to  limit  reaction,  and  then 
warm  poultices  of  slippery-elm  in  small  muslin  bag  for  several  days. 
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The  eschars  should  be  removed  as  soon  as  separable,  and  a pressure 
compress  applied  over  vaseline  dressing,  to  promote  healing.  This 
covers  two  or  three  weeks  from  the  start;  extirpation  requires  only 
one. 

The  following  neoplasms  have  been  found  in  the  lacrymal  sac: 
sarcoma,  epithelioma,  angioma,  fibroma  cavernosa,  rhinoscleroma ; 
they  are  very  rare  except  by  extension  in  the  case  of  the  two  first. 

Epiphora  frequently  persists  after  destroying  or  removing  the  sac, 
or  it  often  occurs  from  slight  exciting  causes:  sacrifice  of  the  gland 
at  the  same  time  is,  therefore,  urged  by  some  as  a rule  of  practice, 
and  the  more  because  under  strict  asepsis  extirpation  is  a safe  opera- 
tion.1 But  lacrymation  is  not  always  a sequel  to  loss  of  the  sac,  and 
some  seemingly  intractable  cases  under  the  usual  treatment  are 
cured  by  forcible  dilatation  of  the  strictured  duct  with  large-sized 
probes  (Theobald).  Hence  the  gland  may  well  be  spared  for  a time 
until  this  procedure  has  been  tried. 

Extirpation  of  the  Lacrymal  Gland.  The  parts  being  surgically 
clean,  a cut  is  made  just  below  the  outer  half  of  the  eyebrow  to  the 
margin  of  the  orbit,  exposing  the  septum  orbital,  which  is  then  divided 
close  to  the  bone,  with  just  sufficient  edging  to  hold  sutures.  Fatty 
tissue  may  present,  but  should  be  left.  The  lower  edge  of  the  gland 
does  not,  as  a rule,  reach  to  the  bony  rim,  but  entire  removal  should 
be  aimed  at,  and  can  with  care  be  effected  by  scissors,  hooks,  etc., 
and  without  injuring  the  levator  palpebrae  or  external  rectus.  All 
bleeding  should  be  stopped.  The  palpebral  portion  (inferior,  second- 
ary or  accessory)  need  not  be  removed.  Careful  stitching  of  the 
skin  wound,  the  fascia  being  first  united  by  buried  catgut,  and  astp- 
tic  dressings  under  compress,  ensure  prompt  healing  and  but  little 
after-sign. 


THE  EYELIDS. 

Anatomy.  The  eyelids  are  two  folds  of  skin  which  cover  the  eye- 
ball, and  by  their  membranous  attachments  close  m the  orbital  cavity. 
The'  lids  owe  their  form  and  stiffness  to  cartilcges  or  tarsi,  as  they 
are  called  (Fig.  113);  these  are  the  framework  of  the  lid,  and  when 
they  have  been  distorted  as  the  result  or  disease  or  accident,  inter- 
fere seriously  with  the  lid  performing  its  proper  functions.  The 
cartilages  are  covered  externally  by  the  skin  and  the  orbicular  muscle 
externally  by  the  conjunctiva.  The  borders  of  the  lids  are  fringed 
with  short  hairs,  the  lashes,  oi  cilia.  These  are  directed  forward 
and  are  more  numerous  up  in  the  upper  lid.  As  is  shown  by  the 
accompanying  illustration  (I 'g.  114),  there  is  a depression  or  sulcus 
just  below  j,  which  represents  the  opening  of  a sebaceous  gland.  The 
cilia  are  seen  at  h,  wi  cn  modified  sweat  and  Zeiss  glands  about  them. 
Beneath  the  skin  lie  the  transversely  divided  bundles  of  fibres  of 

i ' PilTH  y Union  in  Eighteen  Cases  out  of  Nineteen.”  C.  Holmes. 
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the  orbicularis  ( b ),  of  which  those  placed  internally  ( b' ) form  the 
musculus  ciliaris  Riolani.  The  posterior  part  of  the  lid  is  covered 


Fig.  113. 


Fig.  114. 


by  conjunctiva,  which  is 
closely  adherent  to  the  tarsus. 

The  Meibomian  glands  have 
their  orifices  in  front  of  the 
posterior  edge  of  the  lid  ; 
above  them  lie  the  mucous 
glands  ( k ),  and  still  higher 
Muller’s  muscle  and  the  levator 
of  the  lid.  The  Meibomian 
glands  (Fig.  115)  are  modified 
sebaceous  glands,  and  secrete 
a sebum  which  bathes  the 
margin  of  the  lids  and  pre- 
vents overflow  of  the  tears. 

The  closure  of  the  lids  ef- 
fected by  the  orbicular  :s  muscle . 


Vertical  section  through  upper  eyelid. 
(Shafer.) 

The  fibres  of  this  muscle  form 


more  or  less  of  a sphincter,  extend  into  the  subcutaneous  tissues 
surrounding  the  lid  and  are  inserted  into  a tendon  which  adheres  to 
the  lacrymal  bone  The  orbicularis  is  supplied  by  the  seventh 
nerve,  and  whtn  this  nerve  is  paralyzed  the  lids  refuse  to  close,  a 
staring  expiasaion  being  given  to  the  eye. 


Diseases  of  the  Lids. 

Lagophthalmos,  or  incomplete  closure  of  the  palpebral  fissure,  is 
usually  occasioned  by  peripheral  palsy  of  the  seventh  nerve,  resulting 
1 'em  intracranial  causes;  it  may,  however,  result  from  narrowing  of 
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the  lids  by  injury  or  ulceration,  or  by  the  formation  of  cicatrices 
(< cicatricial  ectropion ),  and  it  may  ensue  when  the  eyeball  is  enlarged 
or  pushed  forward  ( proptosis ).  (Fig.  116.) 


Fig.  115. 


Punda 


Position  of  Meibomian  glands.  (Arnold.) 


When  lagophthalmos  is  present  as  the  result  of  an  intracranial 
lesion,  it  may  be  accompanied  by  hemiplegia  of  the  same  or  opposite 
side.  Thus,  a lesion  anterior  to  the  pons  or 
in  its  anterior  portion  will  cause  palsy  of 
the  seventh  nerve  of  the  same  side  as  the 
hemiplegia,  whereas  a lesion  posterior  to  the 
pons  or  in  its  posterior  portion  will  occasion 
palsy  of  the  opposite  side.  On  account  of 
the  exposure  to  the  eye  which  lagophthal- 
mos occasions,  disease  of  the  cornea  and 
conjunctiva  is  frequently  provoked.  When 
the  condition  is  due  to  facial  palsy,  active 
measures  should  be  instituted  at  once  for 
its  relief ; these  include  leeches . and  hot 
stupes,  mercury  and  the  iodides  in  specific 
cases;  later  the  continuous  current  and  hypodermic  injections  of 
strychnine.  Until  closure  of  the  lid  has  been  effected,  the  eye  should 
be  kept  bandaged.  If  the  cornea  be  threatened  or  if  the  condition 
becomes  permanent,  a tarsorrhaphy  should  be  performed. 

Tarsorrhaphy.  The  simp  lest  way  to  shorten  the  palpebral  aper- 
ture is  to  pare  lightly  the  inner  lips  of  the  upper  and  lower  lid-margins 
from  the  angle  for  3 to  6 mm.  or  more,  and  then  stitch  them  together 
without  removing  the  eyelashes  (de  Wecker,  Noyes).  Tarsorrhaphy 
is  usually  done  as  follows:  After  gauging  the  length  of  the  line  of 
union  required  the  iid  is  slightly  everted  and  made  tense— some 
stretch  the  canthus  by  inserting  a spatula  behind  it.  The  margin  of 


Fig.  116. 


Lagophthalmos. 
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each  lid  is  split  with  a fine  knife  just  behind  the  row  of  cilia  and  suffi- 
ciently deep  to  include  the  hair  bulbs.  The  narrow  flaps  of  skin  with 
bulbs  are  then  removed  by  incisions,  meeting  a little  beyond  the  com- 
missure. The  inner  lips  are  lightly  pared  from  the  latter  to  a point 
several  millimetres  beyond  the  end  of  the  flap  wounds.  The  raw 
surfaces  are  then  carefully  coapted  by  silk  sutures  passed  obliquely 
up  (or  down)  and  in,  and  made  to  graze  the  inner  lip.  Traction  is 
relieved  by  compresses  and  plaster  for  three  or  four  days,  when  the 
sutures  are  removed.  To  make  tarsorrhaphy  more  effective,  Fuchs 
cuts  away  the  flap  with  the  hair  bulbs  from  the  upper  lid  only,  splits 
the  lower  lid,  and  frees  the  anterior  flap  by  a vertical  cut  at  the  inner 
end  of  the  slit.  The  inner  surface  of  the  anterior  flap  is  then  stitched 
to  the  raw  upper  wound. 

Tarsorrhaphy  is  indicated  in  the  relaxed  or  everted  lower  lid  of 
senile  and  paralytic  cases,  in  lagophthalmos,  in  proptosis,  and  exoph- 
thalmic goitre;  it  is  done  often  as  an  adjunct  in  blepharoplasty. 

Blepharospasm,  or  spasm  of  the  orbicularis,  may  be  either  symp- 
tomatic of  other  ocular  disease,  or  essential.  The  latter  variety  is 
rare,  and  is  often  hysterical,  while  the  former  is  a frequent  accom- 
paniment of  many  forms  of  ocular  disease,  especially  where  there  is 
much  dread  of  light,  as  in  phlyctenular  keratitis,  and  where  a reflex 
irritation  of  the  fibres  of  the  trigeminus  has  been  excited.  In  this 
connection  should  be  mentioned  the  fibrillary  contraction  which  occurs 
so  frequently  in  a localized  portion  of  the  muscle.  Apart  from  the 
annoyance  which  this  occasions,  it  is  not  significant,  and  can 
usually  be  made  to  disappear  by  the  adjustment  of  glasses  to  correct 
any  existing  error  of  refraction.  Of  similar  ori  gin  are  the  attacks 
of  “blinking”  which  occur  in  school-children.  Not  infrequently  these 
are  accompanied  by  choreic  movements  in  (he  muscles  of  the  face. 
In  adults  blepharospasm  often  is  associated  with  tic.  Blepharo- 
spasm is  due  not  infrequently  to  hysteria,  in  which  event  “pressure 
points”  may  be  found  in  the  region  supplied  by  the  trigeminus, 
which  will  occasion  opening  of  the  lids  when  they  are  pressed  upon. 

Treatment.  Treatment  of  blephi  rc  spasm  will  depend  upon  the  cause. 
If  the  patient  be  ana?mic,  tomes  should  be  administered;  arsenic  is  of 
value  in  choreic  cases;  all  errors  of  refraction  should  be  carefully  cor- 
rected. In  cases  arising  from  reflex  irritation  of  the  fifth  nerve  all 
possible  foci  of  disease  should  be  investigated  and  removed.  Gal- 
vanism is  useful  in  the  later  stages. 

The  lids  are  opened  by  the  action  of  the  levator  palpebra;  supe- 
rior^ and  by  the  sinking  of  the  lower  lid  by  its  own  weight.  The 
levator  arises  at  the  apex  of  the  orbit  and  is  inserted  into  the  upper 
edge  of  the  tarsus  by  three  attachments.  It  is  supplied  by  a twig 
from  the  third  nerve,  and  when  paralyzed  the  upper  lid  cannot  be 
raised,  and  the  condition  called  ptosis  or  drooping  of  the  upper  lid 
ensues. 

htosis  may  vary  in  degree  from  a slight  droop  of  the  lid  to  the 
complete  covering  of  the  eyeball.  It  may  be  congenital,  when  it  is 
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usually  associated  with  epicanthus  and  affects  both  lids;  usually, 
however,  it  is  acquired.  Acquired  ptosis  may  result  from  palsy  of 
the  branch  of  the  third  nerve  supplying  the  levator  of  the  lid.  It 
may,  however,  be  due  to  local  changes  in  the  upper  lid,  which  increase 
its  volume  or  weight,  such,  for  example,  as  occur  in  trachoma  and 
various  tumors  of  the  lid.  Paralytic  ptosis  may  be  due  to  periph- 
eral or  central  cause,  and  is  associated  frequently  with  palsies  of 
other  branches  of  the  third  nerve.  If  isolated,  it  is  due  usually  to 
an  intracranial  lesion. 

Treatment.  Antisyphilitic  and  antirheumatic  treatment  should  be 
tried  in  suitable  cases;  galvanism  and  hypodermic  injections  of 
strychnine  are  of  value  in  the  later  stages.  For  slight  degrees  of 
ptosis  resulting  from  inefficiency  of  the  levator,  owing  to  injury  or 
ancient  trachoma,  etc.,  the  removal  of  a narrow  horizontal  strip  of 
skin  and  muscle  may  suffice  with  insertion  of  the  deeply  placed 
sutures  brought  out  high  up  on  the  lid.  This  operation  is  more  cer- 
tain if  a piece  of  tarsal  cartilage  also  is  excised,  as  in  the  Gillet  de 
Grandmont  operation  (Harlan),  in  which  case  the  horizontal  tarsal 
wound  is  united  by  buried  catgut  sutures.  Advancement  of  the 
levator  by  the  Eversbusch  (which  see)  and  the  Snellen  methods  also 

gives  good  results.  ... 

Ptosis  Atonica  (Hotz).  In  this  condition  the  skin  of  the  upper  lid 
hangs  down  over  its  free  edge  when  the  eye  is  open,,  and,  instead 
of  following  the  upward  movement  of  the  tarsal  cartilage,  remains 
stationary.  It  is  due  to  loss  of  the  normal  connection  between  the 
skin  and  tarsus,  and  is  corrected  by  the  Hotz  operation  used  in 
trichiasis  and  entropion. 

Ptosis  adiposa,  in  which  a layer  of  fat  beneath  the  skip  acts 
mechanically  and  causes  falling  of  the  lid,  if  not  overlapping,  is 
relieved  by  removing  the  mass  of  adipose  tissue  through  an  incision 
in  the  skin. 

To  correct  much  drooping  of  the  lid  after  trachoma,  Gruening  em- 
ploys a modified  Hotz  suture.  “An  incision  is  made  just  below  the 
upper  edge  of  the  tarsus  and  parallel  to  it.  Scnu  orbicularis  fibres 
may  be  excised.  With  a sharply  curved  needle  tne  thread  is  pushed 
along  the  surface  and  upper  edge  of  the  tarsus  through  the  conjunctiva, 
until  it  loops  up  the  cul-de-sac  and  returns  upon  itself  beneath  the 
-skin,  to  come  out  at  the  upper  part  of  the  wound.  It  never  traverses 
the  skin.  Three  sutures  may  be  used.  They  are  tied  tightly  and 
allowed  to  remain  two  to  five  days,  according  to  the  amount  of  re- 
action” (Noyes).  ...  ,,  , u 

Eversbusch’s  operation  in  partial  ptosis  has  given  excellent  results. 
A horizontal  incision  is  made  across  the  lid  and  half-way  between  the 
lid-margin  and  the  epebruw;  the  tissues  are  then  separated  so  as  to 
expose  a strip  of  connective  tissue.  A strong  piece  of  catgut  with  a 
curved  needle  at  either  end  is  used.  One  needle  is  passed  into  the 
tendinous  tissue  as  far  as  possible  and  brought  out  again  a few  milli- 
metres from  the  point  at  which  it  was  introduced.  Both  needles  are 
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then  passed  parallel  to  each  other  and  at  2 or  3 mm.  distance  apart 
below  the  skin  and  muscle  of  the  lower  portion  of  the  lid,  along  the 
surface  of  the  tarsus,  and  brought  out  at  the  free  margin  of  the  lid. 
Similar  loops  are  next  passed  to  the  inner  and  outer  sides  of  this 
central  one.  The  clamp  is  then  removed,  the  bleeding  stopped,  and 
the  edges  of  the  wound  in  the  skin  brought  together  with  stitches. 

Bowman  first  suggested  the  shortening  and  readjustment  of  the 
levator  palpebral  (Snellen).  In  Wolff’s  operation,  in  which  this  is 
done,  the  tendon  of  the  levator  is  exposed  by  a transverse  incision. 
It  is  then  undermined  and  two  strabismus  hooks  are  passed  horizon- 
tally  beneath  it  and  apart  as  far  as  the  difference  in  height  of  the  two 
lids.  Two  double-needled  catgut  sutures  are  put  into  the  tendon  at 
the  line  of  the  upper  hook,  and  it  is  then  cut  across  just  below  the 
latter  and  is  tucked  behind  the  stump.  The  needles  are  then  passed 
through  the  base  of  the  stump  and  the  sutures  tied.  The  skin  wound 
is  stitched  separately. 

Mules’  Operation  for  Ptosis.  To  secure  the  lifting  action  of 
t it.  frontalis,  Mules  inserts  a permanent  subcutaneous  wire  loop, 

having  its  fixed  points  between  the  frontalis  tendon  and  the  lid  car- 
ti  age.  By  this  wire  the  lid  is  raised  and  maintained  with  great  ex- 
actitude at  a line  whence  a slight  effort  of  the  frontalis  is  sufficient 
to  lift  it  to  any  required  elevation.  At  the  'same  time  its  folds  are 
re-established  and  its  normal  appearance  regained.”  Bv  means  of 
needles  with  eyes  at  their  points  the  two  ends  of  a fine  wire  (gilded 
non  or  silver),  which  is  inserted  at  a point  in  the  tarsal  plate  near  the 
ciliary  border  are  brought  out  one-third  of  an  incl  above  the  brow 
rd™rhalf  of  an.inch  aPart.  The  ends  are  drawn  up  (the  next  day 
A.  b Morton)  until  the  lid  is  raised  as  desired,  when  one  is  run  under 
the  skin  to  the  other,  and  they  are  then  twisted  and  buried.  Result 
very  satisfactory  (W.  J.  Cant,  A.  S.  Morton). 

Motais’  Operation.  Motais  has  designed  an  ingenious  operation 
for  raising  the  upper  lid  in  congenital  ptosis,  by  resecting  a tongue- 
shaped flap  from  the  centre  of  the  tendon  of  the  superior  rectus  and 
attaching  it  beneath  the  palpebral  conjunctiva  to  the  fascia,  so  as  to 
act  as  a levator  to  the  tarsus. 

Pagenstecher’s  Operation.  Pagenstecher’s  method  of  utilizing 
the  frontalis  in  paralysis  o'  the  levator  aims  at  securing  a vertical 
subcutaneous  cicatrix  connecting  the  former  with  the  lid.  He  passes 
a needle  carrying  a thick  ligature  under  the  skin  of  the  forehead  about 
one-half  an  inch  abooe  the  centre  of  the  eyebrow,  and  subcutaneously 
as  far  as  the  margin  of  the  lid  at  its  middle  point.  The  suture  is  tied 
and  tightener  in:rn  day  to  day  until  it  has  cut  its  way  out. 

Gradies  modification  is  the  insertion  of  permanent  aseptic  sub- 
cutaneous sutures. 

Panas  JaEthod.  In  this  operation,  which  has  pleased  many 
operators,  the  skin  of  the  brow  and  eyelid  is  steadied  by  pressure 


1 Ninth  International  Ophthalmological  Congress,  1894. 
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across  the  forehead.  Two  horizontal  incisions  are  made,  the  lower  at 
the  orbital  margin,  and  along  the  top  of  the  flap  with  a slight  con- 
vexity upward,  and  not  quite  an  inch  long;  the  higher  one  a little 
longer,  and  at  the  upper  border  of  the  eyebrow.  A flap  of  the  skin 
and  muscle  is  now  dissected  from  the  tarsus  down  to  its  ciliary  border, 
but  the  septum  orbitse  (suspensory  ligament)  of  the  lid  is  not  dis- 
turbed. The  bridge  of  tissue  between  the  two  horizontal  incisions 
is  undermined  without  cutting  the  periosteum  or  septum  orbitse. 
The  flap  is  then  drawn  up  under  the  bridge  by  means  of  sutures  and 
fastened  to  the  upper  edge  of  the  higher  incision.  When  the  flap  is 
so  fixed,  the  traction  tends  to  cause  ectropion,  and  a suture  is  therefore 
placed  at  each  side,  passing  deeply  through  the  septum  orbitse  and 
conjunctiva,  but  not  the  skin,  and  it  also  is  inserted  in  the  upper  lip 
of  the  higher  incision,  so  as  to  correct  the  tendency  to  eversion. 

Wilder’s  Operation.  For  the  relief  of  complete  ptosis  W.  H. 
Wilder  has  devised  a method  which  “ consists  in  folding  upon  itself 
the  tarso-orbital  fascia  that  connects  the  margin  of  the  orbit  to  the 
tarsus  and  acts  as  a suspensory  ligament  for  the  upper  lid.”  By 
shortening  it  with  buried  sutures  the  lid  may  be  raised  as  desired, 
and  in  a number  of  cases  the  result  has  been  satisfactory.  The  eye- 
brow is  shaved,  an  incision  one  and  one-half  inches  long  is  made 
parallel  to  the  orbital  margin  and  a little  above  it  to  the  periosteum. 
The  lower  lip  of  the  wound  is  drawn  down  and  the  skin  and  muscle 
are  carefully  dissected  from  the  fascia,  and  the  tarsus  exposed.  Su- 
tures of  fine  sterilized  catgut  or  silk  armed  at  each  end  with  a curved 
needle  are  passed  in  the  following  manner : The  first  needle  is  int?  o- 
duced  sufficiently  deep  into  the  tarsus  to  secure  a firm  hold  at  a point 
about  at  the  junction  of  the  outer  and  middle  third  and  a littl°  dis- 
tance from  its  convex.  It  is  then  drawn  through,  and  with  it  eral 
gathering  stitches  are  taken  in  the  tarso-orbital  fascia,  airer  which 
the  needle  is  made  to  pass  through  the  muscle  and  conieoiive  tissue 
of  the  upper  lip  of  the  wound.  The  other  needle  on  the  same  suture 
follows  a parallel  course  in  the  same  manner,  entering  +ne  tarsus  about 
3 mm.  from  the  point  of  entrance  of  the  first,  ti  en  gathering  the 
fascia  into  small  folds  and  emerging  in  the  tissue  above,  thus  making 
a loop  by  which  the  lid  may  be  drawn  up.  The  second  suture  is 
passed  in  the  same  way,  making  a loop  at  the  junction  of  the  middle 
and  inner  third  of  the  tarsus.  The  requisite  elevation  of  the  lid  may 
be  now  secured  by  drawing  on  the  loops  and  tying  the  sutures,  which 
are  to  be  buried  in  the  wound.  The  lower  lip  of  the  wound  is  now 
united  to  the  upper  with  fine  sutures.  The  slight  scar  that  remains 
after  healing  is  almost  entirely  hidden  when  the  eyebrows  grow  again. 
The  buried  sutures  beccuu,  en  capsuled  and  give  additional  strength 
to  the  folds  of  fascia  *hai  hold  up  the  lid.  The  orbicularis  is  unin- 
jured, so  that  the  patient  retains  to  a certain  extent  the  power  of 
closing  the  lids. 

The  movements  ol  the  eyelids  are  both  voluntary  and  involuntary. 
Winking  is  usually  voluntary,  but  may  be  the  result  of  a reflex  action. 
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hen  the  latter  is  the  case,  it  is  accomplished  through  the  fibres  of 
the  fifth  nerve,  which  supply  the  cornea  and  ocular  conjunctiva, 
acting  upon  the  orbicularis.  The  lids  protect  the  eyeball  from  in- 
jury and  excessive  light.  They  aid  also  in  lubricating  the  globe  by 
distributing  the  tears  over  it  and  mechanically  brushing  away  for- 
eign substances  which  may  have  intruded  themselves  under  the  lids. 

The  arteries  of  the  lids  are  derived  chiefly  from  the  ophthalmic 
artery;  the  veins  are  very  plentiful,  and  empty  partly  into  the  veins 
of  the  forehead  and  partly  into  the  ophthalmic  vein. 

Congenital  Anomalies  of  the  Lid.  Cryptophthalmos  refers  to  the 
stretching  of  the  skin  over  the  orbit  covering  the  eyeball. 

Coloboma  is  a fissure  in  the  lid, 
triangular  in  shape,  with  the  base  at 
the  border  of  the  lid,  the  apex  point- 
ing toward  the  margin  of  the  orbit. 
It  is  a rare  affection,  and  occurs 
usually  in  the  upper  lid.  (Fig.  117.) 

Epicanthus  is  the  name  given  to 
crescentic  folds  of  the  skin  which 
project  on  both  sides  of  the  face 
from  the  inner  angle  of  the  brow. 
Epicanthus  is  frequently  associated 
with  ptosis. 

Treatment  consists  in  excising  an 
elliptical  piece  of  skin  from  the  root 
of  the  nose.  Canthoplasty  at  the 
outer  angles  will  often  benefit  the 
deformity. 

Canthoplasty.  As  a rule,  the 
operation  for  the  extension  of  the 
palpebral  fissure  and  the  weakening 
of  the  orbicularis  is  not  a plastic  one, 
and  it  is  better  styled  canthotomy. 
Cocaine,  10  per  cent,  solution,  ii  .applied  on  a pledget  within  and 
without  the  external  canthus,  the  spring  speculum  is  inserted  or  the 
lids  stretched  apart,  one  blade  of  the  scissors,  which  are  held  hori- 
zontally, is  pushed  behind  the  outer  canthus  tow'ard  the  bony  rim, 
and  a quick  snip  suffices  The  conjunctiva  is  freed  slightly,  and  is 
then  stitched  at  thre^  points  to  the  skin  edge,  at  the  angle,  above, 
and  below.  If  the  orbicularis  is  hypertrophied  and  causing  pressure 
on  the  globe,  the  external  palpebral  ligament  is  snipped,  the  scis- 
sors’ points  Si  mg  passed  into  the  wound  vertically  behind  the 
muscle,  the  lid  being  drawn  outward  (C.  R.  Agnew).  When  there 
have  bem  atrophy  and  shrinkage  of  the  conjunctiva,  it  may  be 
necessc  r>  after  the  section  to  stitch  a piece  of  transplanted  skin 
into  die  angle  or  adjust  a small  Thiersch  shaving— canthoplasty. 

Canthotomy  is  a useful  adjunct  in  some  cases  of  blepharospasm 
Vom  keratitis,  to  relieve  pressure  in  purulent  conjunctivitis  and  as  a 
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step  in  enucleation  or  exenteration.  It  is,  as  a rule,  necessary  in 
entropion,  especially  of  the  lower  lid,  and  sutures  are  always  used 
when  a permanent  effect  is  desired.  The  latter  is  the  more  sure  if, 
as  Jackson  points  out,  a broad  edging  of  the  conjunctiva  is  taken  up 
in  the  stitch. 

Inflammation  of  the  Lids.  The  integument  covering  the  lids  is 
liable  to  be  affected  by  disease  common  to  the  skin  in  general,  such 
as  erysipelas,  herpes,  and  eczema. 

When  the  lids  are  involved  in  erysipelas  secondary  to  a similar 
condition  of  the  face,  they  may  be  so  swollen  that  the  ball  is  com- 
pletely hidden,  and  at  times  the  process  is  so  active  that  the  inflam- 
mation spreads  into  the  deep  tissues  of  the  orbit,  causing  abscess 
and  not  infrequently  blindness  by  involvement  of  the  optic  nerve  in 
the  orbit.  Primary  erysipelas  of  the  lids  is  extremely  rare.  The 
treatment  is  that  of  erysipelas  elsewhere  in  the  body,  both  as  to 
local  applications  and  general  medication. 

Eczema  of  the  lids  also  usually  participates  in  a general  eczematous 
eruption  upon  the  face.  It  occurs  commonly  in  children  as  a moist 
eczema  ( crusta  ladea),  when  it  is  usually  accompanied  by  a similar 
form  of  conjunctivitis.  Disease  of  the  lacrymal  apparatus  in  adults 
not  infrequently  gives  rise  to  eczema, 
particularly  of  the  lower  lid,  by  the 
irritation  provoked  by  the  overflow- 
ing tears.  Treatment  consists  in  the 
proper  cleansing  of  the  skin  by  alkaline 
washes,  followed  by  the  application  of 
an  ointment  of  oxide  of  zinc  or  of  a 
solution  of  nitrate  of  silver  (10  to  20 
grains  to  the  ounce).  In  the  chronic 
form  when  there  is  much  itching,  car- 
bolic acid  may  be  added  to  the  zinc 
ointment  in  the  strength  of  5 grains  to 
the  ounce. 

Herpes  zoster  (Fig.  118)  not  infre- 
quently is  the  result  of  an  inflamma- 
tion which  is  situated  either  in  the 
trunk  of  the  fifth  nerve  itself  or  in 
the  Gasserian  or  ciliary  ganglia.  A number  of  vesicles  form  along 
the  terminal  expansion  of  the  trigeminus;  at  times  these  vesicles 
are  limited  to  the  distribution  che  upper  or  the  lower  branch 
of  the  nerve;  at  times  both  of  ihese  branches  are  affected  simulta- 
neously, but  it  is  rare  that  the  inferior  division  is  affected  in  common 
with  the  two  superior.  The  efflorescences  never  extend  beyond  the 
median  line  of  the  face.  lor  several  days  preceding  the  eruption 
there  are  severe  pain  in  4he  course  of  the  nerve  and  some  febrile  reac- 
tion, and  the  skin  becomes  red  and  swollen,  resembling  erysipelas.  In 
severe  cases  an  ulcer  forms  at  the  base  of  the  vesicle,  due  to  involve- 
ment of  the  corimn  in  the  process  of  suppuration,  and  a deep  scar 


Fig.  118. 


hv,*  pes  zoster  ophthalmos. 
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forms;  in  milder  cases  the  vesicles  disappear  without  leaving  any 
mark.  Analogous  affections  of  the  cornea,  conjunctiva,  and  iris  may 
complicate  the  disease  and  give  rise  to  cellulitis  and  opacities,  which 
render  the  prognosis  most  unfavorable.  The  treatment  is  purely 
palliative,  consisting  in  the  application  of  a powder  of  rice  starch  or 
of  an  ointment  of  zinc,  to  aid  in  the  drying  up  of  the  vesicle.  The 
vesicle  should  never  be  opened.  If  the  cornea  becomes  affected, 
appropriate  remedies  should  be  employed.  Large  doses  of  quinine 
and  of  salicylic  acid  are  often  of  service.  Galvanism  may  be  used  for 
the  relief  of  persistent  pain  along  the  course  of  the  nerve. 

Abscess  of  the  Lid.  This  is  generally  the  result  of  injury,  although 
it  may  be  due  to  caries  of  the  orbit,  to  periostitis,  and  to  disease  of 
the  accessory  sinuses.  It  may  be  a complication  of  erysipelas.  In 
the  first  stages  there  are  diffuse  infiltration  and  redness  of  the  lid. 
Later  a localized  swelling  appears  which  points  in  some  cases,  but 
spreads  in  others,  involving  the  whole  lid  in  a gangrenous  process. 
In  the  latter  case  extensive  damage  is  wrought  to  the  lid,  and  de- 
formities result  which  may  occasion  lagophthalmos  and  ectropion. 

Treatment  If  seen  in  the  earlier  stages,  attempts  should  be  made  to 
abort  the  inflammation  by  means  of  ice-packs;  if  induration  be 
present,  free  incision  should  be  made  with  a view  to  checking  further 
spread  of  the  disease. 

Furuncle,  carbuncle,  and  anthrax  pustule  are  rare.  The  tw  o former 
present  much  the  same  symptoms  as  abscess,  with  the  distinction 
of  being  accompanied  by  a small  gangrenous  slough  or  “core;” 
the  latter  is  due  to  inoculation  by  the  Bacillus  anth  ~acis,  and  occurs 
in  persons  who  are  occupied  with  the  care  of  animals. 

Ulcers  of  the  Lid.  These  may  be  the  result  of  local  cause,  such 
as  injury  or  manifestations  of  a general  disease — i.  e.,  syphilis,  lupus, 
scrofula,  herpes.  The  most  frequent  of  the  constitutional  sores  is 
the  secondary  ulcer  of  syphilis.  This  is  usually  found  upon  the  skin 
near  the  margin  of  the  lid  or  below  the  inner  can  thus;  it  occurs  late, 
and  might  almost  be  regarded  as  ? lertiary  lesion. 

Vaccina  and  smallpox  not  infrequently  give  rise  to  eruptions  upon 
the  lids.  As  the  result  of  +he;  cicatrization  caused  by  these  ulcers 
madarosis,  or  loss  of  the  eyelaet.es,  may  occur,  together  with  ectropion. 
A true  vaccine  ulcer  ( vaccinia  of  the  eyelid)  may  be  caused  by  infec- 
tion from  a vaccination  sore.  The  border  of  the  lid  usually  is  affected, 
and  considerable  swelling  and  redness  and  involvement  of  the  pre- 
auricular  and  subm  axillary  glands,  with  constitutional  symptoms, 
accompany  the  ulcerous  process.  In  the  early  stages  the  pustules 
are  characteristic,  though  later  they  may  resemble  a syphilitic  sore. 

(Edema  of  the  lid  may  be  a symptom  of  a neighboring  local  disease, 
such  as  disease  of  the  lids  themselves  or  of  the  conjunctiva,  or  orbit, 
or  it  may  be  a manifestation  of  systemic  disorder,  such  as  disease 
of  the  heart  or  kidneys.  It  may  be  an  accompaniment  of  an  active 
inflammation  of  neighboring  parts,  or  it  may  be  due  to  simple  venous 
congestion. 
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Fig.  119. 


Recurrent  necrotic  oedema  of  the  lids  is  associated  frequently  with 
similar  swellings  elsewhere,  and  is  to  be  imputed  to  a temporary  dis- 
turbance in  the  vascular  innervation. 

Syphilis  of  the  Lid.  In  addition  to  the  ulcers  mentioned  above, 
the  lid  may  be  the  seat  of  a primary  sore.  An  ulcer  in  this  position, 
with  a hard,  indurated  base,  appearing  without  the  history  of  injury, 
but  followed  by  secondary  manifestations,  should  always  excite  suspi- 
cion of  syphilis.  Soft  chancres  also  occur  upon  the  lid.  Tarsitis  syphi- 
litica is  a tertiary  manifestation  of  syphilis  affecting  the  cartilage  of  the 
lid.  One  or  both  lids  may  be  affected.  The  lid  becomes  swollen  and 
tense  and  the  skin  reddened;  the  cilia  drop  out.  In  favorable  cases 
the  swelling  gradually  subsides,  leaving  the  lid  in  its  original  condi- 
tion ; in  others,  however,  the  tarsus  becomes  much  distorted,  and 
entropion  results. 

Blepharitis.  (Fig.  119.)  On  account  of  the  presence  of  the  cilia 
and  the  hair  follicles  with  their  glands  upon  the  margins  of  the  lids, 
this  portion  of  the  lid  is  not  infrequently  the  seat  of  inflammation. 

Hyperoemia  of  the  margin  of  the  lid  usually  attends  all  forms  of 
conjunctivitis;  it  is  a frequent  index  of  eyestrain,  and  may  be  occa- 
sioned in  certain  individuals 
by  slight  cause,  such  as  dust, 
smoke,  or  foul  air.  The  most 
common  variety  of  inflamma- 
tion of  the  lids,  blepharitis , 
consists  in  a chronic  condition 
which  is  associated  with  the 
formation  of  scales  and  crusts 
at  the  base  of  the  cilia.  Bleph- 
aritis occurs  under  two  forms: 
the  superficial  or  non-ulcer ative, 
and  the  deep  or  ulcerative.  In 
the  first  variety  the  margins  of 
the  lids  are  red  and  swollen  and 
are  covered  with  numerous 
whitish  scales.  If  these  are 
washed  away,  a few  cilia  drop 
out,  but  some  grow  in  again. 

In  the  second  variety  the  hair  follicles  become  destroyed  by  ulcers 
which  form  about  the  roots  of  the  cilia,  so  that  the  lashes  fall 
out.  This  may  occasion  permanent  loss  or  displacement  of  the  cilia, 
hypertrophy  of  the  margin  of  the  lid,  and  ectropion.  In  the  milder 
cases  of  blepharitis  the  patients  suffer  but  slight  discomfort,  but 
when  the  inflammation  has  been  of  long  standing,  increased  lacry- 
mation,  sensitiveness  to  light,  itching,  and  burning  render  the  patient 
very  miserable.  The  causes  of  blepharitis  may  be  general  or  local. 
Among  the  former  may  be  mentioned  the  exanthemata,  especially 
measles,  a debiUta  ,ed  system,  and  unhygienic  surroundings;  uncor- 
rected errors  oc  i?f 'action  are  a frequent  cause.  The  local  conditions 
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which  may  occasion  it  especially  are  disorders  in  the  lacrymal  appa- 
ratus and  conjunctiva.  Blepharitis  is  frequently  hereditary,  and  is 
more  common  in  children  than  in  adults. 

Treatment  consists  in  the  removal  of  the  cause.  The  correction 
of  errors  of  refraction  and  attention  to  the  systemic  condition  should 
be  insisted  upon,  and  in  many  cases  a cure  will  be  accomplished 
without  resorting  to  other  measures.  If  the  blepharitis  be  due  to 
lacrymal  or  conjunctival  disease,  these  should  be  combated  by  proper 
local  treatment.  Before  making  any  applications  to  the  edge  of  the 
lids  it  is  first  necessary  to  remove  all  scales  and  crusts  adherent  to 
them.  This  may  be  accomplished  by  washing  the  lids  thoroughly 
with  soap  and  water  or  with  water  containing  borax.  In  the  super- 
ficial variety  of  blepharitis  a salve  of  mercury  (yellow  or  red  oxide, 
gr.  viij,  vaseline  5j  ; or  the  ammoniated  chloride  of  mercury  in  the 
same  strength)  should  be  applied;  in  the  ulcerative  variety  an  appli- 
cation of  a solution  of  nitrate  of  silver  (1  to  3 per  cent.)  to  the  raw 
spots  on  the  lid  is  often  of  service.  This  should  be  followed  by  an 
application  of  mercurial  ointment  smeared  thickly  upon  lint  and 
lightly  bandaged  upon  the  eyes  over  night.  If  abscess  occur,  the  cilia 
should  be  removed  by  means  of  proper  forceps  ( epilation ). 

Phthiriasis  Ciliorum  (Blepharitis  Pediculosa).  This  is  an  affec- 
tion of  the  margin  of  the  lid  due  to  the  presence  of  the  Pediculus 
pubis  in  the  lashes.  It  is  frequently  mistaken  for  blepharitis,  and 
usually  occurs  in  children.  Treatment  consists  in  cleansing  the  lids 
with  a solution  of  mercuric  chloride,  1 : 4000,  and  subsequently 
rubbing  one  of  the  mercurial  ointments  into  the  border  of  the  lids. 

Hordeolum  (Stye).  This  is  a hard  circumscribed  swelling  on  the 
lid  margin,  a grain  of  barley  in  size,  which  generally  suppurates. 
The  inflammation  occurs  in  the  tissues  abc  ut  a hair  follicle,  the  Mei- 
bomian glands  not  being  involved.  Ov/ing  to  the  tension  which  is 
created  by  the  pus  between  the  tarsus  and  the  skin,  there  is  usually 
considerable  pain  until  the  contents  of  the  stye  have  been  evacuated. 
As  a rule,  the  process  lasts  four  or  flve  days.  Repeated  attacks  are 
common.  Hordeolum  occurs  usually  in  the  young,  especially  in  those 
who  are  anaemic  and  debilitated.  Errors  of  refraction  may  induce 
the  condition,  as  well  as  exposure  to  local  irritation,  such  as  heat  and 
dust.  Blepharitis  is  a lot  infrequent  cause. 

Treatment.  Ice-packs  may  be  used  as  an  abortive,  but  as  soon  as 
swelling  appears  hot  applications  are  to  be  employed  to  favor  sup- 
puration. Evacuation  of  the  contents  should  be  practised  by  inci- 
sion as  soon  a^  a yellow  spot  forms.  All  refractive  errors  should 
carefully  b^  corrected  and  the  general  health  cared  for.  Calcium 
sulphide,  one-eighth  grain  three  times  daily,  is  of  service  in  recur- 
rent cases. 

Chaiaiion  (Fig.  120)  is  a chronic  disease  of  one  of  the  Meibomian 
glands  as  a consequence  of  the  stoppage  of  its  duct,  and  results  in 
the  formation  of  a small  tumor  in  the  lid.  The  growth  of  the  tumor 
is  slow,  with  moderate  or  no  signs  of  inflammation  until  at  the  end 
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of  a few  weeks  or  months  it  has  attained  the  size  of  a large  pea. 
Chalazia  adhere  to  the  tarsus,  but  the  skin  is  mobile  over  them,  and 
they  are  not  usually  sensitive  to  the  touch.  They  may  become  ab- 
sorbed and  disappear  spontaneously;  but,  as  a rule,  they  break  down, 
suppurate,  and  discharge  their  contents  either  through  a skin  or  con- 
junctival opening.  Chalazia  are  found  in  adults  particularly.  They 
rarely  occasion  pain,  but  are  disfiguring  and  may  cause  symptoms  of 
eyestrain  by  the  pressure  which  they  exert  upon  the  eyeball. 


Fig.  120. 


Chalazion. 


Treatment.  Unless  giving  rise  to  irritation,  small  chalazia  need 
not  be  interfered  with;  large  chalazia  should  be  removed  by  incis.on 
through  either  the  skin  or  conjunctiva. 

Chalazion  is  removed,  as  a rule,  through  the  conjunctiva.  The 
lid  is  everted  and  the  free  edge  pressed  well  back,  cocaine  Hydro- 
chloride applied  to  the  site,  and  a drop  or  two  of  10  per  cent,  solution 
of  cocaine  injected  hypodermically.  A short  vertical  cut  is  made 
from  within  out,  and  the  tumor,  if  small,  is  then  emptied  with  a fine 


Fig.  121. 


Desn  arres’  chalazion  forceps. 


serrated  or  sharp-edged  ccoop.  When  large  and  with  thick  wall, 
the  latter  is  grasped  w itL  fine  fixation  forceps  and  cut  out  with  a sharp- 
curved  scissors.  It  only  in  part,  the  cavity  is  scraped  to  remove 
acini,  and  the  contents  packed  at  the  sides.  Bleeding  is  often  free, 
when  adrenalin  chloride,  1:  5000,  applied  early  and  also  pressed  into 
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the  cavity,  is  of  use.  Hemorrhage  may  also  be  controlled  and  the  field 
of  operation  rendered  bloodless  by  applying  a Desmarres  chalazion 
forceps.  (Fig.  121.)  If  there  are  several  chalazia  in  a bunch,  a lid 
clamp  or  ring  forceps  is  used.  If  the  chalazion  is  large  and  hard,  or 
shows  signs  of  pointing  externally,  it  may  be  removed  through  the 
skin  by  a horizontal  incision  with  use  of  clamp.  Fine  stitches  are 
then  inserted.  Iced  compresses  for  a few  hours  are  soothing.  If 
the  chalazion  is  near  the  free  edge,  it  may  be  opened  with  a fine 
cataract  knife  through  the  lid  margin,  the  lid  being  clamped  between 
the  index  finger-tip  in  the  cul-de-sac  and  the  thumb  (C.  R.  Agnew). 

Tumors.  Benign  growths  include  xanthelasma,  molluscum,  cysts, 
warts,  and  cutaneous  horns,  and  vascular  tumors  or  angiomata. 
Xanthelasma  is  a flat  yellowish  plaque  slightly  raised  above  the  skin, 
which  occurs  most  frequently  in  women  and  at  the  inner  canthus. 
These  plaques  are  often  symmetrical.  They  are  caused  by  degen- 
eration of  the  muscle  fibres.  Their  growth  is  slow,  and  as  they  occa- 
sion no  bad  results  other  than  disfigurement,  they  need  be  removed 
only  for  cosmetic  effect.  Molluscum  is  a small  white  growth  which 
forms  on  the  lid  as  a result  of  a diseased  condition  of  the  seba- 
ceous glands.  It  occurs  in  two  forms:  molluscum  contagiosum , in 
which  variety  the  tumor  is  without  a pedicle,  and  has  an  umbili- 
cated  depression  in  its  centre;  and  molluscum  simplex.  In  the 
latter  variety  the  tumor  is  pediculated,  hanging  from  the  lie1  like  a 
pouch. 

Cysts.  Among  these  may  be  mentioned  dermoid  cys%  milia,  and 
antharomata. 

Angiomata.  These  comprise  telangiectasis  and  t mores  cavernosi. 
The  former  occur  as  small  bright-red  growths  h;  die  skin  of  the  lid, 
and  are  due  to  dilatation  of  the  bloodvessels  The  latter  are  dis- 
tended venous  channels  beneath  the  skir . Roth  varieties  are  usually 
congenital  and  occur  after  birth.  Care  should  be  exercised  in  their 
removal,  to  avoid  cicatrices.  Small  telangiectases  may  be  removed 
by  the  thermocautery  or  by  caute^ntion  with  nitric  acid;  large  ones 
should  be  seared  to  foster  contraction  and  obliteration  of  the  vessels. 
Cavernous  tumors  are  remove  i best  by  electrolysis. 

Malignant  Growths.  These  include  the  sarcomata  and  carcino- 
mata. The  former  are  rare,  the  latter  more  common,  and  occur  under 
the  form  of  rodent  ulcers.  These  ulcers  are  seen  upon  the  margin  of 
the  lid  as  a small  pimple,  which  breaks  down  into  an  ulcer  with  indu- 
rated walls.  These  ulcers  slowly  spread  over  the  lids  and  occasionally 
dip  down  de^p  mio  the  orbital  tissues.  Treatment  of  both  forms  of 
tumor  consists  in  their  early  and  complete  removal  by  surgical  inter- 
vention. 

BlevhausVlasty.  To  meet  the  loss  of  lid-tissue  from  disease  and 
injury,  or  its  necessary  sacrifice  in  removing  neoplasms,  etc.,  new 
mateiial  has,  of  course,  to  be  provided.  Unless  the  gap  in  the  lid  is 
soch  as  permits  closure  by  stretching  what  is  left,  new  material  has 
to  be  secured,  either  from  adjoining  parts — the  forehead,  temple. 
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cheek  or  nose — by  means  of  flaps  with  pedicles  or  from  other  regions 
by  flaps  without  pedicles  or  by  skin-grafts. 

Flaps  with  twisted  pedicles  are  often  used  after  Fricke’s  method, 
in  which  the  base  abuts  one  end  of  the  raw  surface.  The  gap  left  by 
the  flap  may  be  covered  by  Thiersch  or  Wolfe  grafts,  or,  if  not  too 
large,  by  undermining  the  limiting  skin  and  suturing  the  edges  to- 
gether. In  the  employment  of  sliding  flaps  by  Dieffenbach’s  method, 
which  has  been  much  practised,  a more  or  less  vertical  and  quadran- 
gular flap,  at  the  side  of  the  gap — which  is  made  fairly  triangular — 
is  slid  into  place  and  stitched.  Its  bed  is  covered  by  Thiersch  or 
Wolfe  grafts  either  at  once  or  after  a day  or  two,  or  later  by  smaller 
dermic  grafts.  Knapp’s  method 1 of  stretching  horizontal  flaps 
(Fig.  126)  is  a distinct  addition  to  blepharoplasty.  By  it  one  may 


Fin.  12?. 


Arlt’s  method  of  removing  a growth  from  the  canthus.  a i. . 


Fig.  123. 


Fricke’s  method  of  blepharoplasty.  v ARi  t.  ) 


remove  a neoplasm  requiring  the  sacrifice  ot  most,  if  not  all,  of  the 
lower  lid,  and  then  cut  a flap,  going  beyond  the  bridge  of  the  nose, 
and  a longer  one  with  broad  base  or  the  temple,  and  unite  them  in 
vertical  line,  so  as  to  restore  a useful  eyelid,  tarsorrhaphy  being  also 
done.  The  writer,  following  the  suggestion  of  C.  S.  Bull,  has  found 
systematic  massage  of  cicatricial  keloid  and  other  scar-tissue  a valu- 
able adjunct  to  blepharoplasty. 

The  Le  Fort-Wolfe  transplantation  of  flap  without  pedicle  and 
the  Thiersch  skin-grafting  have  proved  a great  gain  to  blepharoplasty 
and  a boon  to  opera  tors,  who  need  not  now  run  the  risk  that  they  mar 
more  than  they  rner.d.  Wolfe’s  method  was  designed  specially  for 
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cases  in  which  skin  is  needed  to  replace  cicatricial  tissue,  or  the  latter 
surrounds  the  damaged  lids  and  is  insufficient  to  supply  flaps.  Thiersch 
skin-grafts  are  sometimes  more  suitable.  In  the  performance  of 
the  Wolfe  operation,  which  is  especially  well  adapted  to  cases  where, 
as  a result  of  burns  or  injury,  the  free  edge  of  one  lid  has  become 
attached  to  the  brow  or  the  cheek,  the  lid  is  freed  by  careful  dissection. 

The  lid  is  freed  by  careful  dissection  until  both  lids  can  be  easily 
approximated,  when  they  are  sutured  at  three  or  four  apposed 
points  where  the  lid  margins  have  been  pared.  The  raw  surfaces  are 
trimmed  until  they  are  smooth  and  vascular.  “Having  taken  the 
shape  of  the  flap  required  with  a piece  of  lint,  I carefully  dissect  a 
piece  of  skin  from  the  forearm,  cutting  it  larger  than  necessary  all 
around,  so  as  to  allow  for  shrinking.  I then  turn  up  its  deep  surface, 
and  with  a pair  of  flat,  sharp  scissors  pare  off  every  vestige  of  sub- 
cutaneous tissue,  so  as  to  leave  the  surface  of  a pure  white  color.  It 


Fig.  124. 


Fig.  125. 


Fig.  124.— Arlt’s  method  when  a portion  of  th'j  eyelid  is  to  be  sacrificed.  (Aklt.) 
Fig.  125. — Dieffenbach’s  method  of  blepharopkjzty.  (Arlt.) 


is  then  applied  to  the  gap  in  the  eyelid,  to  which  it  is  united  by 
fine  silk  ligatures.  After  pressing  and  moulding  it  into  place,  lint 
soaked  in  hot  water  is  applied  to  its  surface  for  about  ten  minutes. 
It  is  finally  dressed  with  lim  wrung  out  of  hot  water.  Over  this  four 
folds  of  dry  lint  are  placed,  and  the  whole  covered  with  fine  gutta- 
percha tissue,  and  seemed  by  an  immovable  bandage.  On  the  third 
day  the  dressing  is  removed,  and  it  is  found  that  adhesion  had  taken 
place,  the  flap  'oiAing  clean  and  dry  and  normal;  bluish  lines  are 
visible  here  and  ihere.  The  same  dressing  is  repeated  daily.” 

In  Thiersch  s method  of  skin-grafting,  strips  of  epidermis  and 
superficial  layers  of  the  skin,  cut  generally  from  the  hairless  part  of 
the  arm.  irj  transferred  to  the  raw  surface  prepared  as  in  Wolfe’s 
method,  the  lids  being  stitched  together  or  the  upper  to  the  cheek. 
Wh.de  making  the  shaving,  the  parts  are  kept  wet  with  warm  physio- 
logical salt  solution,  and  the  former  is  slid  off  the  razor  and  across 
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the  raw  surface  by  its  aid,  all  clots  having  first  been  removed.  Dress- 
ing is  done  as  in  the  Wolfe  method.  It  is  well  to  bandage  both  eyes. 
In  forty-eight  or  seventy-two  hours  the  parts  are  carefully  exposed 
and  redressed,  and  then  from  time  to  time.  The  ligatures  can  be 
removed  in  a week.  More  or  less  shrinking  of  the  flap,  25  to  30  per 
cent.,  may  occur. 

In  cicatricial  ectropion  following  burns,  etc.,  in  which  at  least  a 
portion  of  the  eyebrow  has  been  destroyed,  Hotz1  has  obviated  the 
necessity  of  the  Wolfe  method  and  the  danger  of  re-eversion  of  the 
lid  from  shrinkage  of  a transplanted  flap  or  retraction  of  tissues. 
From  the  adjacent  cicatricial  skin  itself  he  takes  “ a flap  large  enough 
to  cover  the  lid  surface  only,  and  fixes  the  upper  margin  of  this  flap 
to  the  upper  border  of  the  tarsus.”  The  raw  surface  above  the  lids 
is  covered  by  another  flap  or  Thiersch  grafts.  The  incision  begins 


Fig.  126. 


near  the  inner  canthus  and  ends  about  6 mm.  from  the  ou,;Q:,  and 
skirts  a large  skin  flap,  which  is  then  carefully  dissected  off  from  the 
underlying  scar-tissue,  but  is  left  connected  with  tne  nd  border. 
Then  the  lid  is  released  from  the  deeper  scar  tissue  until  u can  be  re- 
placed in  its  normal  position.  The  contracted  flap,  still,  however, 
large  enough  to  cover  the  whole  surface  of  the  lid,  is  spread  out 
smoothly  over  this  surface,  and  its  margin  ii  fixed  to  the  upper 
border  of  the  tarsus  by  four  silk  sutures  Into  the  wound  upon  the 
lid  a skin  flap,  which  may  also  contain  a good  deal  of  scar-tissue,  is 
transplanted. 

In  blepharoplasty— apart  from  tsepsis  and  great  care— there  are 
some  points  that  conduce  to  success.  The  flap  should  be  a third 
larger  than  the  gap,  should  hove  a broad,  thick  base,  with  as  good 
vascular  supply  as  possible,  and  be  neatly  adjusted  with  the  least 
twisting,  and  the  least  strain  upon  the  sutures.  The  latter  should 
not  be  put  in  until  oil  bleeding  has  ceased  and  clots  are  removed. 
The  thread  should  Is  line  and  of  twisted  (not  braided)  silk,  because 
leaving  less  mark,  and  the  stitches,  which  should  be  closely  placed, 
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should  be  removed  early.  The  flap  for  the  lower  lid  should  be  taken, 
when  it  is  feasible,  from  a higher  level  to  prevent  sagging  or  eversion 
from  after-traction,  which  is  partly  met  by  tarsorrhaphy.  For  the 
upper  lid  the  flap  is  often  taken  from  the  mid-frontal  region.  After 
restoration  of  the  lids  the  parts  should  be  kept  warm  and  quiet,  and 
free  from  special  tension,  by  means  of  compresses,  plaster,  and  band- 
age, so  adjusted  as  to  avoid  undue  direct  pressure.  The  natural 
folds  and  creases  of  the  adnexa  should  be  kept  in  mind.  Tissue, 
especially  conjunctiva,  should  not  be  wasted,  though  neoplasms 
should  have  wide  berth.  Hence,  in  this  class  the  importance  of  early 
correct  diagnosis  and  prompt  excision. 

Flaps  with  pedicles  have  not  been  discarded  because  of  the  Wolfe 
and  Thiersch  methods,  for  these  have  their  drawbacks.  Flaps  with- 
out pedicle  shrink  from  33  to  50  per  cent.,  and  sometimes  more, 
and  the  original  defect  may  recur.  Not  seldom  they  slough  in  part 
or  wholly,  and  they  require  more  after-care  than  twisted  or  sliding 
flaps.  They  have  the  advantage  over  the  latter  that  one  may  use  the 
skin  of  hidden  parts,  the  loss  of  which  is  not  felt. 

Trichiasis  and  Distichiasis.  The  former  refers  to  an  inversion  of 
one  or  more  cilia,  as  a consequence  of  which  the  eyeball  is  rubbed 
anti  irritated ; the  latter  indicates  a double  row  of  cilia,  the  inner- 
most of  which  is  inverted  and  irritates  the  eyeball.  As  a result 
of  the  irritation  provoked  by  the  lashes  in  both  of  these  conditions, 
the  eyeball  becomes  inflamed,  and  corneal  ulceration  and  opacity  are 
favored.  The  chief  cause  of  the  distortion  of  the  cilia  is  trachoma, 
the  faulty  position  being  given  them  by  the  cicatrization  of  the  tarsus 
and  the  conjunctiva  wrought  by  this  disease.  It  may  also  be  occa- 
sioned by  injuries  and  blepharitis.  Treatment  consists  either  in  the 
removal  of  the  cilia  or  operative  measures  to  correct  their  faulty 
position. 

Trichiasis.  When  malposition  is  limited  to  only  a few  of  the  cilia, 
it  may  be  corrected  by  excising  an  ovai  piece  of  the  tissues  near  the 
free  edge  into  the  tarsus  and  stitching  she  skin  wound  (Wolfe) ; also  by 
splitting  the  edge  of  the  lids  behind  the  row  and  putting  in  a tiny  piece 
of  skin  or  mucous  membrane.  In  so-called  scalping,  the  lid-margin 
is  split  vertically  behind  the  stunted  and  incurved  lashes,  and  the 
anterior  lip,  just  wide  enough  to  hold  the  hair  bulbs,  is  abscised.  This 
is  now  very  rarely  done,  b*mig  replaced  by  the  Burow  incision,  Green 
or  van  Millingen  operation,  etc.  (which  see).  Electrolysis  is  now 
used  to  destroy  nrdop'.aced  cilia  when  they  are  few.  A fine  needle 
(negative  pole)  is  passed  into  the  follicle  with  the  cilium  as  guide. 
A few  second?  closure  of  the  circuit  suffices  if  there  is  frothing  (Mitch- 
ell, Benson). 

Spencer  Watson’s  Method.  An  incision  is  made  in  the  inter- 
margin? i space,  and  a second  one  parallel  to  the  border  of  the  lids 
and  above  the  row  of  cilia,  as  is  done  for  their  ablation.  This  strip, 
containing  the  cilia  and  follicles,  is  cut  across  at  one  end  only.  Then 
a second  flap  similar  in  shape  is  made  above  the  first,  its  free  end 
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being  at  the  same  canthus  as  the  base  of  the  other;  the  flaps  are  then 
interchanged  and  sutured.  This  operation  is  now  rarely  done,  except 
for  trichiasis  near  one  or  other  canthus.  In  these  positions  Fuchs 
considers  it  the  most  suitable  procedure,  but  the  flaps  are  made  much 
shorter  than  in  the  original  operation,  which  was,  indeed,  the  pioneer 
in  intermarginal  work. 

The  Jaesche-Arlt  operation  for  trichiasis,  which  is  done  under 
an  anaesthetic,  is  as  follows : A Snellen  or  Knapp  lid  clamp  is  applied, 
and  the  lid-margin  is  split  from  end  to  end  by  an  incision  two  lines 
in  depth,  which  is  met  at  the  bottom  by  a horizontal  cut  through  the 
skin  at  right  angles,  made  about  4 mm.  above  the  ciliary  border. 
The  anterior  flap,  holding  the  skin,  orbicularis,  cilia,  and  bulbs,  is 
then  cut  away.  A small  semilunar  piece  of  skin  is  now  dissected 


Fir..  127. 


Jaesche-Arlt  operation  on  the  upper  eyelid.  (Arm. 


off  higher  up,  and  the  marginal  flap  is  then  stitched  to  the  upper  raw 
edge.  The  effect  is  to  roll  out  the  edge  of  the  lid  and  the  eyelashes. 
To  make  the  result  more  lasting,  Waldhauer  trims  the  excised  skin 
and  fits  it  in  the  wound,  and  supports  by  bandage  to  ensure  union 
with  the  raw  surface.  This  operation  has  largely  been  replaced 
by  reconstruction  or  restoration  of  the  lid-margin  (after  van  Millin- 
gen,  Green,  Hotz). 

Entropion  and  ectropion  refe.'  to  an  inversion  and  eversion  of  the 
margin  of  the  lid,  respectively.  Entropion  may  be  occasioned  by  a 
defect  in  the  normal  coi.tojr  of  the  lid  as  the  result  of  a disease  or 
injury  of  the  conjuncJva  or  tarsus  ( cicatricial  entropion ),  or  it  may 
be  caused  by  a spasm  of  the  orbicularis  muscle  acting  reflexly  from 
a conjunctivitis  , r keratitis,  or  from  bandaging  of  the  eyes,  especially 
in  the  aged,  with  lax  skin  and  conjunctiva  ( spasmodic  entropion). 
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Oil  account  of  the  irritation  which  the  inturning  of  the  lashes  upon 
the  globe  provokes,  lacrymation,  photophobia,  and  the  signs  of  con- 
junctivitis and  keratitis  are  the  rule. 

Treatment  consists  in  restoring  the  margin  of  the  lid  to  its  proper 
position.  If  the  entropion  is  due  merely  to  spasm,  it  may  often  be 
relieved  by  painting  the  skin  below  the  lid  with  collodion.  It  may  be 
avoided  in  bandaging  by  applying  a strip  of  adhesive  plaster  over  the 
lids. 

Operations  for  Entropion.  When  spasmodic  or  muscular  en- 
tropion tends  to  persist  in  spite  of  the  use  of  plaster  or  collodion,  etc., 
some  operation  is  required.  Excision  of  a horizontal  strip  of  skin 
often  suffices  in  senile  cases,  or  of  a narrow  strip  of  skin  and  muscle 
down  to  the  tarsus  close  to  the  free  edge  of  the  lid  (Green).  Many 
cases  have  been  cured  by  means  of  deep  vertical  sutures  which  trans- 
fix the  septum  orbit*  near  the  infra-orbital  margin,  essentially  on  the 
principle  of  the  Hotz  operation  (Gruening).  The  Gaillard-Arlt  suture 
is  also  effective.  Four  threads  in  two  sets,  by  means  of  double 
threaded  needles,  are  entered  under  the  skin  of  the  (lower)  lid  close 
to  its  edge  and  at  right  angles  to  it,  and  are  brought  out  at  2 cm. 
straight  below.  Each  set  forms  a short  loop  outside  the  skin  near 
the  cilia,  and  traction  on  the  free  ends  when  tying  (over  a quill)  everts 
as  desired.  The  sutures  are  left  a few  days,  so  as  to  cause  vertical 
subcutaneous  cicatrices  which  ensure  permanent  tension. 

In  entropion  with  narrowing  of  the  fissure  (blepharophimosis), 
a good  result  may  be  had  by  canthotomy  combined  with  the  insertion 
of  deep  vertical  sutures  passing  from  the  ciliary  margin  close  to  the 
outer  surface  of  the  tarsus  and  emerging  high  uo  in  the  lid.  The 
firmly  tied  ligatures  are  allowed  to  suppurate  out;  in  some  cases  they 
are  taken  out  early  (Pagenstecher).  For  ti  e correction  of  senile 
entropion  of  the  lower  lid,  Theobald  uses  caustic  potash,  after  the 
manner  of  the  late  Professor  N.  R.  Smith.  The  crayon  is  sharpened 
to  a point,  and  is  moved  back  and  forth  across  the  lid  at  about  4 mm. 
from  its  margin.  A spreading  of  the  caustic  action  of  perhaps  2 mm! 
from  the  line  of  application  is  to  be  allowed  for  by  simply  causing 
the  potash  to  act  upon  this  nmiow  strip  of  tissue  parallel  to  the  lid- 
margin,  and  moving  it  back  aud  forth  gently,  perhaps  a dozen  times* 
one  secures  a very  marked  caustic  action  upon  the  tissue,  which  may 
be  checked  if  desired  by  diluted  acetic  acid.  As  a rule,  the  lid  will 
immediately  stay  out  h good  position;  a slough  takes  place,  and  the 
cases  in  which  a complete  cure  is  not  effected  in  senile  entropion  are 
very  unusual.  The  method  is  not  appropriate  for  the  upper  lid. 

Trichiasis  and  Cicatricial  Entropion.  To  correct  the  incurving 
of  the  lid-margin,  bevelling  of  the  inner  lip  and  malposition  of  the 
cilia,  called  by  shrinking  of  the  conjunctiva  and  the  constant  traction 
inwarci  in  the  last  stage  of  trachoma,  three  methods  may  be  adopted: 
that  of  counter-tension,  release  from  tension,  and  restoration  (recon- 
struction) of  the  lid-margin.  The  first  is  the  principle  of  the  Anag- 
nostakis  and  Hotz  operation,  which  has  stood  the  test  of  years.  In 
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it  counter-tension  is  kept  up  by  using  as  a fixed  point  the  tarso-orbital 
fascia  at  the  orbital  margin  of  the  tarsus.  The  second  and  third 
objects  are  gained  by  the  Green  operation,  very  widely  used,  which 
frees  the  incurved  lid  edge  and  restores  its  inner  lip,  and  also  by  the 
van  Millingen  operation,  and  in  a different  way,  namely,  by  inter- 
posing a barrier  between  the  skin  of  the  lid  and  its  conjunctiva. 

J.  Green’s  Operation  for  Cicatricial  Entropion.  A longitudi- 
nal incision  is  made  through  the  conjunctiva  and  tarsus,  from  one 
end  of  the  tarsus  to  the  other  (after  Burow),  and  parallel  to  and 
about  one  line  or  one  and  a quarter  line  distant  from  the  free  bordei 
of  the  lid.  A strip  of  skin,  a little  more  than  a line  in  width,  and 
about  a line  distant  from  the  row  of  eyelashes,  is  excised,  the  loosened 
margin  of  the  lid  turned  forward  and  secured  in  its  new  position  by 
from  three  to  five  sutures.  The  needle  carrying  the  suture  is  made 
to  enter  at  the  edge  of  the  lid,  in  or  near  the  row  of  cilia,  and  is  carried 
upward  just  beneath  the  skin  until  it  appears  in  the  cutaneous  wound. 
It  is  then  plunged  deeply  through  and  behind  the  fibres  of  the  orbic- 
ularis muscle,  and  is  brought  out  through  the  skin  from  a third  to  a 
half  of  an  inch  above  the  upper  lip  of  the  wound.  The  effect  of  the 
row  of  sutures  applied  in  this  way  is  to  tilt  forward  the  margin  of  the 
lid  with  the  implanted  cilia,  leaving  the  longitudinal  wound  on  the 
conjunctival  surface  to  heal  by  granulation.  I\  hen  the  tarsal  car- 
tilage has  been  very  much  thickened,  a wedge-like  strip  from  the 
upper  portion  is  removed  before  excising  the  strip  of  skin.  Care  is 
taken  to  spare  the  underlying  fibres  of  the  orbicularis  muscle  when 
removing  the  narrow  strip  of  skin.  And  where  no  skin  can  be  spa’ou 
or  needs  excision — the  majority  of  cases — Green,  after  the  deep 
tarsal  incision,  paints  a strip  along  the  entire  length  of  the  lid  with 
contractile  collodion.  The  lid  is  thus  everted  without  loss  of  skin 
or  use  of  sutures.  “The  gaping  incision  in  the  tarsus  fills  i ipidly  by 
granulation,  and  is  soon  covered  by  smooth  conjunctiva.  The  in- 
crease in  the  height  of  the  tarsus  by  this  formation  of  new  tissue  is 
generally  not  less  than  two  millimetres.”  A fine  strip  of  mucous 
membrane  may  be  inserted  with  good  effect  in  the  sulcus  made  by 
the  Burow-Green  tarsal  incision. 

The  Green  method  is  best  adapted  to  the  upper  lid;  the  Green- 
Ewing  is  intended  for  the  lower,  and  dirf'ors  only  in  the.  use  of  the 
quill  suture  and  in  covering  a portion  of  the  incision  with  mucous 
membrane  The  conjunctiva  from  the  outer  canthus  to  the  punctual 
is  dissected  back  from  the  free  edg-  three  to  four  millimetres,  within 
which  line  the  usual  deep  tamal  incision  is  made  the  full  length  of 
the  lid.  Three  sutures  are  then  put  in  the  ciliary  tarsal  strip  at  the 
incised  part,  and  then  through  the  skin,  and  are  tied  oyer  a firm  roll  of 
aseptic  gauze  or  absorbent  cotton  about  3 mm.  in  diameter.  1 hen 
the  conjunctival  flap  r brought  forward  by  numerous  fine  sutures 
and  stitched  deeplv  into  the  groove  so  as  to  cover  with  an  epithelial 
surface  both  the  raw  edge  of  the  divided  tarsus  and  the  exposed  fibres 
of  the  orbicularis. 
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Anagnostakis  and  Hotz  Operation.  The  operation  is  per- 
formed on  the  upper  lid  as  follows:  While  an  assistant  fixes  the  skin 
at  the  supra-orbital  margin,  the  operator,  seizing  the  centre  of  the 
lid-border  with  fingers  or  forceps,  draws  the  lid  downward  to  put 
its  skin  well  on  a stretch,  and  makes  a transverse  incision  through 
skin  and  orbicularis  muscle  from  a point  2 or  3 mm.  above  the  punc- 
tum  Iaerymale  to  a point  2 or  3 mm.  above  the  external  canthus. 
1 his  incision  divides  the  lid-skin  in  a line  parallel  to  and  a little  below 
the  upper  border  of  the  tarsal  cartilage,  and  is  therefore  from  4 to  8 
mm.  distant  from  the  free  border  in  the  centre  of  the  lid.  The  skin 
and  muscular  layer  are  now  dissected  from  the  incision  down  to  the 
roots  of  the  eyelashes,  and,  while  an  assistant  is  holding  the  edges  of 
the  wound  well  separated  the  operator  seizes  the  forceps  and  ex- 
cises with  curved  scissors  the  muscular  fibres  running  transversely 
across  the  upper  border  of  the  tarsus.  Next  the  sutures  are  inserted, 
three  sutures  are  usually  sufficient — one  in  the  centre  of  the  wound 

a"*uT,e  ^ GM?h  >ide  of  the  central  suture.  The  curved  needle,  armed 
with  black  silk,  No.  3,  is  first  passed  through  the  wound-border  of  the 
id-skin,  then  it  is  thrust  through  the  upper  border  of  the  tarsus  and 
returned  through  the  tarso-orbital  fascia  just  above  this  border,  and 
hnally  it  is  carried  through  the  upper  wound-border.  When  these 
sutures  are  tied  the  skin  is  drawn  upward  and  fixed  to  the  upper  tar- 
sal  border,  and  this  slight  traction  is  sufficient  to  turn  tl  e inverted 
lid-border  and  eyelashes  to  their  normal  position,  and  as  the  skin 
becomes  firmly  united  with  the  tarsal  border  the  tension  thus  pro- 
duced  upon  the  lid-border  is  permanently  secured.  The  sutures 
should,  of  course,  not  be  tied  until  all  bleeding  ha  3 ceased  and  the 
wound  is  thoroughly  cleansed;  they  may  be  removed  on  the  third 
day.  Under  aseptic  dressings  the  wound  net.  Is  by  first  union  even 
il,  as  sometimes  occurs,  secondary  hemo  rhage  or  oedema  causes  con- 
siderable swelling  for  several  days. 

The  van  Millingen  Operation  for  Trichiasis.1  “The  inter- 
immgmal  space  is  split  from  end  to  e.id,  as  in  Arlt’s  operation,  and 
sufficmntly  to  produce  a gap  3 mm  in  breadth  at  the  central  part 
o the  hd,  and  gradually  becoming  narrower  toward  the  canthii 
the  gap  is  kept  open  by  sutures  passed  through  folds  of  skin  on  the 
upper  lid  and  by  mean  3 of  which  the  lid  is  prevented  from  closing 
for  twenty-four  hours  at  least.  As  soon  as  the  bleeding  has  ceased 
a strip  of  mucous. membrane  of  the  same  length  as  that  of  the  lid’ 
and  2 or  21  mm.  ,n  breadth,  is  cut  out  with  two  or  three  clips  of  a 
pair  of  curved  sciusors,  from  the  inner  surface  of  the  under  lid  and 
placed  at  onct  mto  the  gap  at  the  intermarginal  space.  It  should 

siffifim!+rew^  lnt°sl.tu  with  a P^dget  of  cotton-wool  steeped  in 
subl  mat.  eolution.  Sutures  are  superfluous,  and  do  more  harm  than 
good.  7 ie  operated  hd  is  then  covered  over  with  a flap  of  linen 
con^ning  a thick  layer  of  iodoform  vaseline,  and  this  is  covered  over 
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by  cotton-wool.  Both  eyes  should  be  bandaged.  I invariably  use 
sublimate  lotion  (1:5000)  for  disinfecting  the  eye  and  lid  during, 
before,  and  after  the  operation.  The  bandage  should  be  renewed 
once  in  twenty-four  hours,  and  the  sutures  on  the  upper  lid  should 
not  be  removed  before  the  second  day.”  Some  prefer  a strip  of 
skin  (from  behind  the  ear,  Hotz),  without  suturing.  Others  with 
sutures.  Some,  like  van  Millingen,  are  partial  to  mucous  membrane 
(from  the  lip,  Weeks),  using  sutures  or  not. 

The  Streatfeild  operation  of  grooving  the  tarsus  when  it  is 
thick  and  misshapen  has  been  modified  by  Snellen.  In  the  Streat- 
feild-Snellen  operation  an  incision  is  made  through  the  skin  of  the 
upper  lid  about  3 mm.  from  the  margin  and  parallel  to  it  and  ex- 
tending along  its  whole  length.  A strip  of  the  orbicularis  about  2 mm. 
in  width  is  excised,  and  next  a triangular  wedge-shaped  piece  of  the 
tarsus  along  the  whole  length  of  the  lid.  Three  sutures  are  then  in- 
serted in  the  following  manner:  A suture  armed  at  each  end  with 
a needle  is  to  be  passed  through  the  upper  edge  of  the  incision  in  the 
tarsus,  and  both  needles  are  then  to  be  carried  through  the  lower 
margin  of  this  groove  and  brought  out  through  the  skin  just  above 
the  line  of  lashes,  the  points  of  exit  lying  4 mm.  apart.  The  two 
other  sutures  are  to  be  inserted  in  the  same  way,  care  being  taken 
that  the  points  of  exit  are  about  4 mm.  from  each  other.  A bead  is 
then  passed  over  each  end  of  the  sutures  (to  prevent  their  cutting 
the  skin),  and  the  latter  carefully  tied,  so  that  the  two  opposite  sides 
of  the  incision  in  the  tarsus  are  accurately  approximated.  The  upper 
edge  of  the  skin  wound  is  left  open. 

Panas-Snellen  Operation.  The  skin  of  the  lid  is  divided  2 
or  3 mm.  above  the  free  border  of  the  lid  and  parallel  to  the  latter, 
the  incision  running  the  whole  length  of  the  lid.  Then  from  the  3dge 
of  this  incision  the  skin  is  freed  as  far  up  as  the  upper  bolder  of  the 
tarsus  and  as  far  down  as  the  free  border  of  the  lid.  Noxr,  the  vul- 
canite plate  being  inserted  beneath  the  lid,  an  incision  is  made  which 
runs  in  the  same  way  as  in  the  skin.  In  this  way  t>  lower  half  of 
the  tarsus  with  the  free  border  of  the  lid  is  made  freely  movable,  and 
may  be  rotated  forward  by  means  of  sutures  so  that  the  cilia  assume 
the  proper  direction.  The  sutures  are  formed  into  loops  and  passed 
above  through  the  edge  of  the  tarsus  and  the  tarso-orbital  fascia,  and 
the  free  ends  of  the  loop  are  brought  ouf  behind  the  skin  of  the  lid 
along  the  intermarginal  line,  and  here  am  ded  over  a glass  bead. 

The  Green  and  the  Hotz  operations  yield,  as  a rule,  very  satisfac- 
tory results;  also  the  van  Millingen,  especially  in  trichiasis  of  the 
lower  lid,  combined  with  centhoplasty  and  the  Streatfeild-Snellen 
when  indicated.  In  cases  of  misshapen  tarsus— and  they  are  not  a 
few — it  may  be  necessary  tr  combine  the  features  of  two,  if  not  three 
of  these,  to  ensure  success,  and  this  is  the  rule  with  operators.  Weeks 
reports  favorably  of  a number  of  cases  in  which  he  tried  a combination 
of  the  four— carthoplasty,  the  van  Millingen,  the  Streatfeild-Snellen, 
and  Hotz— tl.-*  eufuring  differing  from  that  of  the  latter  in  that  the 
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needle  is  made  to  pass  through  the  upper  lid  and  to  emerge  8 mm 
above  the  margin  of  the  upper  flap.  The  writer,  who  can  testify  to  the 
value  of  the  Hotz  and  Green  operations,  early  found  it  advisable 
(before  the  van  Millingen  operation  was  in  vogue)  to  combine  the 
first  at  times  with  the  Burow  tarsal  incision. 

Like  entropion,  ectropion  may  either  be  cicatricial  or  spasmodic, 
(big.  128.)  Cicatricial , or,  as  it  is  sometimes  called,  organic  ectropion, 
results  from  wounds,  abscess  of  the  lid  and  orbit,  and  disease  of 
long  standing  of  the  lids  and  conjunctiva.  Senile  relaxation  of  the 
skin  may  occasion  ectropion  of  the  lower  lid  in  elderly  subjects,  and 
a similar  condition  also  arises  after  paralysis  of  the  seventh  nerve. 
Spasmodic  ectropion  is  seen  usually  in  children  when  the  lids  are 
everted  by  violent  blepharospasm  produced  by  keratitis.  The  con- 
sequences of  ectropion  are  irritation  of  the  globe,  due  to  the  lack  of 
protection  afforded  by  the  lid,  and  troublesome  watering  of  the  eye. 


Fig.  128. 


Fig.  129. 


Double  cicatricial  ectropion. 


Aril’s  operation  fcr  t^trjpion.  (Arlt.) 


Treatment.  The  Adams  operation  was  de  vised  to  correct  elongation 
and  partial  eversion  and  moderate  ec  tropion.  It  consists  in  the 
removal  of  a triangular  V-shaped  piece,  including  the  whole  thick- 
ness of  the  lid,  the  base  of  the  triangle  being  turned  toward  the 
margin  of  the  latter  and  the  apex  ‘nward  the  cheek.  The  edges  of 
the  wound  are  carefully  brought  together  by  sutures,  one  of  which  is 
passed  close  to  the  free  edge,  so  as  to  prevent  a groove.  Sometimes 
a harelip  pin  and  suture  is  used.  This  operation  is  now  preferably 
done  near  the  outer  caff  hur  in  conjunction  with  tarsorrhaphy.  It  is 
specially  adapted  for  senile  ectropion  or  that  due  to  chronic  con- 
junctivitis, for  which  also  the  Snellen  and  the  Argyll-Robertson  suture 
operations  have  beet  designed. 

In  the  Argyll-  Robertson  operation1  two  needles  threaded  on  a long 
waxed  silk  ligature  are  passed  through  the  skin  and  lid  one  line  from 
its  ciliary  mu-gin,  and  each  one-quarter  of  an  inch  from  the  mesial 
passed  ou  hrough  the  fornix  and  brought  out  through  the  skin  one- 
quartei  of  an  inch  apart  at  one  to  one  and  one-quarter  inches  from 
the  ciliary  border.  A bunch  of  fine  rubber  tubing  is  placed  vertically 
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within  the  loop  on  the  outside  of  the  lid.  A piece  of  thin  sheet-lead 
one  by  one-quarter  inch,  rounded  off  and  moulded,  is  slipped  into 
the  cul-de-sac  under  the  threads,  and  the  ligature  is  then  tied  over 
the  lower  end  of  the  tubing.  “The  edge  of  the  lid  is  thus  made  to 
revolve  inward  over  the  upper  edge  of  the  piece  of  lead,  while  the 
tarsal  cartilage  is  caused  to  mould  itself  to  the  curve  of  the  lead,  and 
the  eyelid  at  once  occupies  its  normal  position.”  The  sutures  are 
not  removed  for  from  five  to  ten  days. 

In  the  Snellen-suture  operation  for  senile  or  muscular  ectropion 
the  ligatures  are  passed  through  the  conjunctiva  and  subadjacent 
tissues,  and  brought  out  and  tied  over  a roll  2 cm.  below  the  free 
edge.  The  effect  may  be  increased  by  tarsorrhaphy  as  desired. 

In  partial  ectropion  with  hypertrophy  of  conjunctiva,  the  excision 
of  a horizontal  strip  of  the  latter  and  closure  by  sutures  may  suffice, 
or  again  the  contraction  following  a deep  linear  eschar  made  with  the 
fine  thermo-  or  galvanocautery  point.  _ . 

One  of  the  best  operations  for  the  cure  of  cicatricial  ectropion  is 
that  of  Arlt,  which  is  performed  as  follows:  The  cicatrix  and  the  skin 
surrounding  it  are  excised  in  a triangular  area  bounded  by  the  points 
a b and  be,  as  shown  in  Fig.  129.  The  skin  at  the  edges  of  the  denuded 
area  is  undermined  and  sutures  inserted  so  that  c is  approximate  to  d, 
and  the  side  of  the  flap  b c is  in  contact  with  c d.  Harelip  pins  may 
be  used  to  fill  in  any  remaining  gap. 

When  considerable  tissue  is  removed  it  becomes  necessary  to  nil 
in  the  gap  by  a flap.  This  may  be  accomplished  by  either  the  Fricke 
or  the  Dieffenbach  method.  Both  of_  these  consist  in  excision  of  the 
cicatrix  and  the  sliding  of  skin  flaps  into  the  denuded  area.  These 
flaps  are  taken  from  the  skin  of  the  temple  or  cheek,  and  vary  in  ' hape 
and  size  with  the  site  which  they  are  to  occupy.  Account  should 
always  be  taken  in  all  flap  operations  of  the  contraction  which  occurs 
both  at  the  time  of  and  subsequent  to  the  operation.  It  v a Ivisable, 
therefore,  to  make  the  flap  at  least  one-third  larger  than  the  site 
which  it  is  intended  to  occupy.  Its  base  also  sho  d1,  be  sufficiently 
broad  not  to  interfere  with  its  blood  supply. 

Richet’s  operation  is  peculiarly  well  adapted  to  correct  ectropion 
of  the  lower  outer  part  of  the  lower  lid.  As  s.iown  in  Fig.  130,  in- 
cisions are  made  in  three  curvilinear  lines,  B A,  C A,  and  D E.  After 
the  cicatrix  has  been  dissected  out  the  lids  are  united  by  three  sutures 
and  the  wound  covered  by  drawing  We  edges  into  apposition  as  fol- 
lows: An  incision,  F G,  is  made  into  the  skin  of  the  temple,  and  its 
edges  undermined.  The  flap  G F G thus  obtained  is  made  to  cover 
in  the  defect,  F being  brought  fo  A,  as  shown  in  the  second  figure. 
The  denuded  area  which  is  left  in  the  temple  is  filled  in  by  the  lower 
flap,  ABE. 

Ankyloblepharon  and  Symblepharon.  Ankyloblepharon  is  an 
adhesion  of  the  margins  of  the  lids,  and  is  usually  associated  with  a 
union  between  ti  e lid  and  eyeball  ( symblepharon )._  Both  conditions 
result  when  the  borders  of  the  lid  and  conjunctiva  are  converted 


into  raw  surfaces,  either  from  burns  or  diseases  of  the  conjunctiva, 
causing  loss  of  tissue,  such  as  trachoma  and  diphtheritic  conjunc- 
tivitis. 

Treatment.  Ankyloblepharon  is  remedied  by  dividing  the  adhesions 
between  the  lids  and  between  the  lids  and  the  globe,  and  by  covering 
the  denuded  areas  by  transplanted  portions  of  conjunctiva  or  strips 
of  mucous  membrane  taken  from  the  lips.  In  many  cases  it  is  of 
advantage  to  perform  a canthoplasty  at  the  same  time.  The  steps  in 
the  operation  for  the  cure  of  symblepharon  consist  in  separating  the 
adhesions  between  the  lid  and  the  globe,  and  in  preventing  readhe- 
sions between  the  denuded  areas  by  placing  a conjunctival  surface 
in  apposition  with  a raw  one.  A number  of  procedures  are  available, 
but  that  of  Himly  or  Harlan  is  to  be  preferred.  The  former  perforated 
the  base  of  the  attachment  of  the  adhesion  in  the  cul-de-sac  and 
placed  a strip  of  lead  wire  in  that  position,  the  wire  being  permitted 
to  remain  until  it  had  worn  a groove  covered  with  epithelium. 


Fig.  130. 


Uichet’s  oj»eration  for  ectrcpiro.  (Arlt.) 


Ecchymosis  (Black  Eye).  After  a contusion  of  the  lid  there  is 
often  a great  amount  of  swelfir.<;  and  discoloration  of  the  skin  of  the 
lid  and  its  loose  connection  with  the  sublying  tissues.  Ice-packs 
should  be  applied  for  the  first  few  days  after  the  accident,  but  these 
should  be  replaced  by  hot  compresses,  to  promote  absorption  of  the 
extravasated  blood. 

Emphysema  indicates  that  there  has  been  a fracture  of  the  walls 
of  the  orbit  establishing  a connection  with  the  nose.  As  the  air  is 
forced  into  the  fid  by  blowing  the  nose,  the  patient  should  be  cau- 
tioned againct  this  act  until  the  wound  is  healed,  and  a firm  compress 
bandage  soould  be  applied  over  the  eye. 

Injuries  of  the  Eyelids.  These  may  be  a mere  incident  of  a more 
seriocs  traumatism,  and  hence,  if  feasible,  the  features  of  the  accident 
should  be  learned.  Wounds  should  be  explored  for  possible  foreign 
Dodies  in  the  eye,  orbit,  anti  adnexa,  and  one  will  sometimes  be  sur- 


DISEASES  OF  ORBIT,  LACRYMAL  APPARATUS , AND  LIDS.  257 

prised  at  the  findings.  Foreign  particles  should  be  removed,  and 
wounds  be  made  aseptic  at  the  earliest  possible  moment  and  closed 
with  fine  twisted  silk.  The  lips  of  wounds  dividing  the  edges  of  the 
lids  should  be  carefully  coapted  to  avoid  distortion  or  a groove.  A 
fine  suture  in  the  lid-margin  itself  is  often  useful.  If  the  levator  pal- 
pebrae  is  torn,  it  should  be  stitched  with  fine  catgut.  When  skin  is 
torn  away  the  gap  should  be  closed  by  sliding  flaps  or  be  covered 
without  delay  by  Thiersch  grafts.  Burns  which  destroy  much 
skin  of  the  lid  or  act  deeply  necessitate  the  stitching  of  the  lids  to- 
gether (see  Tarsorrhaphy),  and  probably  the  use  of  Thiersch  grafts 
shortly,  to  prevent  secondary  ectropion.  Aseptic  wounds  of  the  lids 
heal  rapidly  and  without  reaction,  but  in  some  cases  the  ice-bag  or 
iced  dressings  are  helpful. 


CHAPTEK  VI. 


DISEASES  OF  THE  CONJUNCTIVA,  CORNEA,  AND 

SCLERA. 

By  JOHN  E.  WEEKS,  M.D. 

CONJUNCTIVA. 

Anatomy.  The  conjunctiva  is  a delicate  mucous  membrane  which 
covers  the  posterior  surface  of  the  eyelids  and  is  reflected  onto  the 
anterior  half  of  the  eyeball.  At  the  margin  of  the  lids  the  conjunc- 
tiva joins  the  integument  ; it  does  not  pass  beyond  either  canthus.  At 
the  inner  canthus  the  conjunctiva  extends  over  the  fleshy  glandular 
mass  known  as  the  caruncle.  It  is  thrown  into  a crescentic  fold  just 
beneath  and  to  the  temporal  side  of  the  caruncle.  This  fold,  which  is 
drawn  outward  on  movements  of  the  cornea  to  the  temporal  side,  is 
termed  the  plica  semilunaris.  By  its  reflection  from  the  lids  to  the 
eyeball,  the  conjunctiva  forms  pouches  above  and  below,  which  are 
termed  conjunctival  sacs  (cul-de-sac).  The  depth  of  tlw  upper  sac 
at  the  middle  of  the  lids  is  approximately  19  mm.,  of  ihe  lower  sac 

8 mm.  The  conjunctiva  is  divided 
into  various  parts,  as  follows:  pal- 
pebral, that  covering  the  posterior 
portion  of  the  lids:  fornix,  the 
tran°ivon  fold;  ocular,  that  cover- 
ing +he  globe.  The  part  of  the 
palpebral  portion  that  covers  the 
tarsus  is  known  as  the  tarsal  con- 
junctiva. At  about  three  millime- 
tres from  the  margin  of  the  cornea 
the  conjunctiva  becomes  closely 
united  with  the  anterior  reflection 
of  Tenon’s  capsule.  The  epithelial 
layer  is  stratified.  (Fig.  131.) 
The  tunica  propria  is  very  thin. 
The  conjunctive  possesses  no  large  vessels,  but  it  has  a very  rich 
network  of  email  vessels,  which  become  prominent  on  irritation  of 
the  conjunctiva.  In  the  retrotarsal  and  ocular  portions  of  the  con- 
junctiva die  vessels  are  freely  movable  over  the  underlying  tissue. 

.A  rich  plexus  of  lymphatic  vessels  exists  in  the  conjunctiva,  those 
o'  the  upper  conjunctiva  near  the  outer  canthus  being  in  connection 
vii,h  the  chain  of  lymphatic  vessels  which  pass  to  the  preauricular 
( 258  ) 


Fig.  181. 


Epithelioma  of  the  bulbar  conjunctiva.  (Orth.) 
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region ; those  of  the  lower  lid  are  connected  more  directly  with  the 
submaxillary  lymphatics. 

The  nerve  supply  is  from  the  lacrymal  and  from  the  supratroch- 
lear and  infratrochlear  branches  of  the  fifth. 

Congenital  Abnormalities.  The  most  frequent  congenital  growths 
met  with  are  dermoid  tumors,  which  usually  extend  onto  the  cornea; 
they  are  usually  pale  in  color,  but  may  be  pigmented ; they  are,  as  a 
rule,  supplied  with  a number  of  hairs,  glands,  etc.,  presenting  the  char- 
acteristics of  the  skin.  Small  fatty  masses  are  also  met  with;  these 
are  situated  apparently  beneath  the  conjunctiva. 

Angioma,  cavernoma,  and  telangiectatic  growths,  congenital  in 
origin,  sometimes  are  found  in  the  conjunctiva. 

An  osseous  growth  occasionally  is  found  beneath  the  conjunctiva, 
situated  between  the  outer  margin  of  the  cornea  and  the  commissure. 

Moles  or  pigmented  patches  sometimes  are  observed  on  the  con- 
junctiva; these  occur  most  frequently  in  individuals  who  present 
similar  spots  on  the  skin. 

Fibrous  growths,  sometimes  erroneously  spoken  of  as  lipomata, 
occur  rarely  just  beneath  the  membrane  in  the  upper  outer  portion 
of  the  ocular  conjunctiva. 

Hypersemia  of  the  Conjunctiva  (Dry  Catarrh).  The  palpebral 
conjunctiva  is  the  part  usually  affected.  The  mucous  membrane  is 
red  and  very  slightly  roughened,  but  is  not  appreciably  thickened. 

Etiology.  The  condition  is  due  to  irritation  from  many  causes— 
exposure  to  heat,  bright  light,  glare  from  water,  sand,  etc.,  strong 
wind,  cold,  storms  of  rain  or  snow,  constant  use  of  the  eyes  with 
insufficient  illumination,  eyestrain,  indigestion,  alcoholism,  gou+ 
vasomotor  disturbances,  lacrymal  disease,  acute  exanthematous 
fevers,  and  blepharitis  marginalis. 

Symptoms.  The  lids  feel  stiff  and  dry,  and  are  moved  with  diffi- 
culty; a burning  sensation  is  experienced,  and  there  is  increased 
lacrymation.  The  superficial  epithelial  cells  are  thrown  off  more 
rapidly  than  in  health,  and  are  found  in  small  whitish  masses  at  the 
canthi  and  sometimes  at  the  margin  of  the  lids.  Attempts  to  use 
the  eyes  with  artificial  light  are  accompanied  by  distress. 

Treatment.  The  cause  should  be  sought  f^r  and  removed.  In 
addition  the  eyes  should  be  bathed  twice  daily  with  a 3 per  cent, 
solution  of  boric  acid.  Other  measure^  are  unnecessary. 

Conjunctivitis  (Ophthalmia).  Th;a  term  is  applied  to  a number  of 
diseases  of  the  conjunctiva,  all  of  which  are  accompanied  by  increased 
and  altered  secretion,  by  distressing  symptoms,  and  by  transient 
or  permanent  pathological  changes  in  the  membrane. 

Classification.  Since  the  discovery  of  the  gonococcus  of  Neisser, 
in  1879,  the  specific  micro-organisms  of  a number  of  forms  of  conjunc- 
tivitis have  been  des  :nbed,  which  makes  it  advisable  to  modify  the 
older  classification  of  diseases  of  this  membrane.  All  of  the  forms  of 
conjunctivitis  may  be  included  under  two  headings:  (1)  those  in  which 
a specific  cause  has  not  been  determined,  and  (2)  those  forms  in 
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which  a specific  cause  has  been  determined.  To  the  first  class  belong: 
simple  conjunctivitis,  lacrymal  conjunctivitis,  herpetic  conjunctivitis, 
vernal  conjunctivitis,  follicular  conjunctivitis,  trachoma,  pemphigus, 
Parinaud's  conjunctivitis,  gouty  conjunctivitis.  To  the  second  class 
belong:  acute  contagious  conjunctivitis,  subacute  conjunctivitis, 
gonorrhoeal  conjunctivitis,  diphtheritic  conjunctivitis,  xerosis  epithe- 
lialis,  phlyctenular  or  eczematous  conjunctivitis,  tuberculosis,  lupus, 
leprosy. 


Non-specific  Forms  of  Conjunctivitis. 

Simple  Conjunctivitis  (Catarrhal  Conjunctivitis,  or  Ophthalmia). 

This  condition  is  characterized  by  injection  and  slight  thickening 
of  the  conjunctiva  confined  almost  entirely  to  the  palpebral  portion, 
loss  of  transparency,  slight  roughening,  and  the  presence  of  a very  little 
mucus,  which  causes  the  lids  to  adhere  together  in  the  morning. 

Causes.  These  are  numerous  and  permit  of  classification: 

1.  Mechanical.  Irritation  of  the  conjunctiva,  due  to  the  entrance 
of  particles  of  metal,  dust,  pollen,  exposure  to  wind,  glare  of  light. 

2.  Associated.  Accompanying  the  exanthematous  fevers , rheu- 
matism, nasal  catarrh,  bronchitis,  eczema,  facial  erysipelas,  impetigo 
contagiosa,  molluscum  contagiosum. 

3.  Symptomatic.  Forms  accompanying  eyestrain,  etc. 

Symptoms.  Subjective.  Lids  heavy,  burning  sensations  in  the 

eye,  irritation  on  moving  the  eyes,  photophobia,  an n~  vance  in  use 
of  the  eyes. 

Objective.  Lacrymation  more  profuse,  slight  sticking  together 
of  the  lids  in  the  morning,  slight  thickening  c+  tne  lids,  hypenemia 
of  the  tarsal  conjunctiva  and  of  the  retro  tarsal  folds. 

Simple  conjunctivitis,  as  is  apparent  by  a glance  at  the  list  of  causes, 
is  most  common  in  children,  but  no  stage  of  life  is  exempt. 

Prognosis.  The  duration  depends  on  the  continuation  of  the  cause ; 
when  this  is  removed  (mechanical  and  symptomatic  forms)  or  sub- 
sides (associated  forms),  recovery  recurs  spontaneously.  No  lasting 
injury  results. 

Treatment.  In  addition  to  removing  the  cause,  much  relief  may 
be  obtained  by  bathing  the  eye  two  to  four  times  daily  with  a solu- 
tion of  boric  acid,  3 per  cent.  A mild  astringent  solution  may  also 
be  employed — zinc  (gi  j to  §j)  is  excellent. 

Lacrymal  Conjunctivitis.  A form  of  conjunctivitis  dependent 
on  the  presence  of  irritating  secretion  from  the  conducting  portion  of 
the  lacrymei  apparatus.  Almost  ah  of  the  cases  might  properly  be 
classed  with  the  simple  conjunctivitides,  but  a few  cases  develop  a 
purulent  type  which  may  result  in  much  damage  to  the  eye. 

Diagnosis.  The  symptoms  peculiar  to  obstruction  of  the  lacrymal 
passages  and,  frequently,  a dacryocystitis  are  present. 

Treatment.  This  consists  in  rendering  the  lacrymal  canals  patulous 
and  in  correcting  the  condition  of  the  lacrymal  conducting  apparatus; 
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these  measures  may  be  supplemented  by  cleansing  the  conjunctiva 
with  some  bland  aseptic  solution  and  the  use  of  a mild  astringent. 

Lithiasis  Conjunctivitis.  A form  of  irritation  of  the  conjunctiva 
due  to  the  presence  of  calcareous  deposits  in  the  tissue  of  the  pal- 
pebral conjunctiva;  they  occur  most  commonly  in  the  tarsal  con- 
junctiva, but  are  met  with  also  in  the  palpebral  portion  of  the 
retrotarsal  folds.  The  small  masses  appear  as  yellowish-white 
bodies  almost  immediately  beneath  the  epithelium.  . They  tend 
to  penetrate  the  epithelial  layer  and  to  produce  irritation  of 
the  eyeball  and  lids.  The  condition  is  met  with  commonly  in 
those  of  advanced  years,  and  is  associated  usually  with  rheumatism 
or  gout.  The  deposits  consist  principally  of  calcium  carbonate  and 

cholesterin. 

Treatment.  Removal. 

Herpes  Conjunctivse.  This  condition  is  characterized  by  the  for- 
mation of  clusters  of  vesicles  on  a hypersemic  base.  The  vesicles  col- 
lapse, forming  a superficial  ulcer  which  heals  rapidly,  leaving  a very 
slight  superficial  cicatrix.  The  affection  accompanies  herpes  orbitahs, 
and  will  be  described  under  that  head.  _ _ 

Vernal  Conjunctivitis  (Conjunctivitis  Catarrhalis  iEstiva;  Phlyc- 
tena  Pallida  (Hirschberg) ; Spring  Catarrh).  A disease  characterized 
by  roughening  and  thickening  of  the  palpebral  conjunctiva,  accom- 
panied by  hypertrophy  of  the  conjunctiva  at  the  margin  of  the  cornea. 

Cause.  While  this  disease  is  in  all  probability  due  to  a specific  germ, 
the  germ  is  not  known.  The  exacerbations  occur  when  the  weather 
becomes  warm,  whatever  the  season;  but  the  peculiar  appearance  u. 
the  tarsal  conjunctiva  is  not  entirely  absent  in  the  winter  months 
Children  from  the  age  of  three  to  fifteen  years  are  attacked  most  fre- 
quently; but  the  condition  sometimes  appears  in  adults.  Olten  two 
or  more  in  a family  are  attacked,  a fact  which  points  to  a contagious 
quality.  In  almost  all  cases  both  eyes  are  affected. 

Symptoms.  Irritation,  as  of  a foreign  body,  photophot  la,  distress 
on  use  of  eyes,  burning  and  itching;  there  is  excessive  lacrymation; 
a scanty  mucoid  (stringy)  discharge,  which  is  evidenced  m the  morning 
by  a yellowish-white  mass  along  the  lashes  and  at  the  inner  canthus. 
On  everting  the  upper  lid,  the  tarsal  conjunctiva  is  found  to  be  slightly 
thickened  and  the  surface  is  roughened  by  the  presence  of  numerous 
fine,  papilliform  elevations.  The  surface  of  the  palpebral  conjunctiva 
both  above  and  below  presents  a faint,  pearly  hue,  as  though  a drop  ot 
skimmed  milk  had  been  passed  over  it.  This  appearance  is  observed  in 
the  early  as  well  as  in  the  later  stages  of  the  disease.  The > ocular  con- 
junctiva, except  at  the  margin  of  the  cornea,  is  but  slightly  affected , 
at  the  limbus  the  epithelial  layer  becomes  much  thickened.  1ms 
thickening  is  usuallv  greatest  in  the  horizontal  meridian.  1 e e 
vations  have  a pea  t}  translucent  appearance  at  the  apices  which 
is  characteristic.  The  hypertrophied  tissue  often  encroaches  onto 
the  cornea  for  a aistance  of  one  or  two  millimetres,  and  a narrow 
grayish  zone  separates  the  hypertrophied  tissue  from  clear  cornea. 
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In  the  later  stages  in  severe  cases  flattened  fungoid  elevations  appear 
on  the  palpebral  conjunctiva  of  the  upper  and  lower  lids.  These 
often  resemble  trachoma  granules.  They  may  be  pedunculated. 

Pathology.  The  changes  in  the  conjunctiva  consist  in  scanty  small- 
cell infiltration  and  the  development  of  papillse,  particularly  on  the 
upper  tarsal  conjunctiva.  These  papilla?  consist  of  a central  loop  of 
vessels  and  some  connective-tissue  stroma  covered  with  a layer  of 
thickened  stratified  epithelium.  It  is  undoubtedly  the  thickened 
epithelium  that  gives  the  whitish  shimmer  to  the  surface.  In  severe 
cases  fungoid  excrescences  form,  consisting  of  a fibrous  papilla  covered 
by  thickened  stratified  epithelium. 

Prognosis.  The  disease  recurs  every  summer  for  a variable  period 
(two  to  twenty  years),  when  it  subsides,  usually  leaving  but  little 
deformity. 

Treatment.  Protective  glasses,  a bland  wash  (boric  acid  solution), 
and  the  use  of  an  ointment  of  the  yellow  oxide  of  mercury  (1  to  H 
per  cent.),  usually  give  the  best  results  so  far  as  remedies  are  con- 
cerned. Calomel,  in  impalpable  powder,  dusted  onto  the  palpebral 
conjunctiva  in  very  thin  layer  every  second  day  is  advantageous. 
Climatic  changes  do  most  good;  the  sufferer  should  go  to  a cool 
climate  during  the  hot  months. 

Follicular  conjunctivitis  (conjunctivitis  folliculosis  simplex)  is 

characterized  by  the  appearance  of  small,  pinkish,  translucent  oval 
elevations  arranged  often  in  rows  which  occupy  the  outer  portion 
oi  the  fornix  of  the  lower  lid,  occasionally  being  present  at  the 
outer  and  inner  portions  of  the  palpebral  conjunctiva  of  the 
upper  lid. 

Cause.  There  is  no  known  specific  cause,  but  the  disease  occurs 
most  frequently  in  children  who  live  in  unhygienic  surroundings,  and 
t e evidence  is  in  favor  of  filth  as  a cause  The  disease  is  infectious 
perhaps  contagious. 

Symptoms.  There  is  often  considerable  irritation;  the  lids  are 
slightly  thickened.  There  is  some  mucoid  secretion  on  the  lids  in  the 
morning.  I se  of  the  eyes  causes  sensations  of  burning  and  smarting, 
.he  conjunctiva  and  cornea  are  seldom  involved.  On  inspec- 

tion,  the  palpebral  conjunctiva  is  found  to  be  congested,  and  the 
iollicles  are  prominent. 

Treatment.  The  eyes  should  be  bathed  three  or  four  times  daily 
with  a 3 per  cent,  solution  of  boric  acid,  and  a solution  of  mercuric 
chloride,  1:1000  tc  i:4000,  should  be  dropped  into  the  conjunctival 
sac  after  each  bathing.  Aristol,  iodoform,  bismuth,  and  calomel 
equal  parts  or  calomel  alone  may  be  employed.  In  persistent  cases 
expression  of  .he  contents  of  the  follicles  may  be  resorted  to.  Errors 
ot  refraction  should  be  corrected.  To  prevent  spreading  of  the  dis- 
ease. isolation  should  be  resorted  to,  especially  when  it  occurs  in 
asylums. 

Trachoma  f Granular  Conjunctivitis ; Egyptian  Ophthalmia;  Mili- 
tary Ophthalmia).  This  disease  is  characterized  by  the  presence  of 
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numerous  small  oval  masses  in  the  palpebral  conjunctiva  by 
chronicity,  and  by  grave  subsequent  changes  in  the  conjunctiva,  lids 
and  often  in  the  globe.  It  occurs  most  frequently  in  children  but 
may  affect  individuals  at  any  age  except  perhaps  during  the  first 

y° Description.  Trachoma  may  be  conveniently  divided  into  three 
afoorPS’ 

First  the  stage  of  hypertrophy,  in  which  the  granules  are  discrete, 
and  the  area  of  the  conjunctiva  is  as  great  or  greater  than  in  the 
normal,  no  cicatricial  tissue  having  formed.  This  stage  presents 

three  distinct  phases:  . , . , 

(a)  The  granules  develop  without  discomfort  to  the  patient,  very 
little  mucous  secretion  being  present — not  sufficient  to  seal  the  lids 
in  the  morning;  there  is  a slight  excess  of  lacrymation,  and  the  lids 
appear  slightly  thickened.  There  is  no  redness  of  the  ocular  con- 
junctiva, nor  is  the  cornea  affected. 

(b)  This  is  the  form  of  onset  most  frequently  observed.  1 he  patient 
complains  of  pain  in  the  eyelids,  which  feel  hot  and  rough.  There  is 
evidence  of  pronounced  irritation,  lacrymation  is  increased,  and  in  a 
few  days  after  the  discomfort  is  first  experienced  a mucopurulent 
discharge  is  present,  not  however  in  large  quantity  ; the  lacrymation 
continues,  the  ocular  conjunctiva  becomes  injected,  and  even  in  the 
relatively  early  part  of  this  stage  the  cornea  may  give  evidence  of 
involvement.  On  everting  the  lids,  the  conjunctiva  is  found  to  be 
deeply  injected  and  thickened ; and  if  the  inflamed  condition  has  lasted 
two  to  four  weeks,  granules  may  be  seen  on  the  tarsal  conjunctiva 
and  possibly  in  the  retrotarsal  folds.  Often  the  hypertrophy  of  the 
conjunctiva  is  sufficient  to  mask  the  presence  of  the  granules,  and 
they  become  visible  only  after  the 
swelling  of  the  conjunctiva  has  sub- 
sided. The  preauricular  glands  are  en- 
larged. When  occurring  in  residential 
schools,  asylums,  reformatories,  and  in 
families,  the  disease  spreads  rapidly, 
and,  unless  isolation  is  practised,  many 
of  the  inmates  become  affected. 

(c)  This  phase  is  fortunately  rare; 
it  is  the  most  severe,  usually  affecting 
young  and  middle-aged  adults.  The 
onset  is  rapid.  Burning  and  seiaich- 
ing  of  the  lids  are  complained  of. 

The  lids  become  moderate1}'  swollen. 

There  is  lacrymation,  and  in  a day  or  two  a mucopurulent  and 
sanguinolent  discharge,  hypertrophy  of  the  conjunctiva  is  present 
after  a few  days;  a'  the  end  of  ten  days  or  two  weeks  the  conjunctiva 
is  greatly  thickened,  the  entire  fornix  presenting  a plaque  of  lymphoid 
tissue.  The  ocular  conjunctiva  becomes  deeply  injected,  and  it  is  not 
unusual  to  observe  evidence  of  corneal  irritation  early  in  the  course 


Fig.  132. 


Conjunctiva  of  upper  lid  in  chronic  gran- 
ular conjunctivitis.  (Arlt.) 
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of  the  disease.  The  preauricular  lymph  glands  are  swollen,  and  in 
some  cases  the  submaxillary  glands  are  similarly  affected. 

The  first  stage  of  trachoma  may  last  six  weeks  to  a year;  it  grad- 
ually passes  into  the  second  stage,  which  may  be  termed  the  stage  of 
coalescence  or  beginning  of  cicatrization.  This  stage  is  common  to  the 
three  phases  of  onset,  appearing  later  in  the  first  phase  than  in  either 
of  the  others.  The  granules,  which  before  were  discrete  in  the  first 
two  phases  of  onset,  coalesce,  and  cicatricial  tissue  appears  in  the  form 
of  narrow  bands  throughout  portions  of  the  palpebral  conjunctiva. 
The  area  of  the  conjunctival  surface  diminishes,  and  the  cul-de-sacs 
decrease  in  depth;  with  this  change  the  tarsus  becomes  narrower  and 
shorter  and  abnormally  acutely  curved.  The  rough  surface  of  the 
lids  rubs  against  the  cornea  and  destroys  its  epithelium.  Vascular 
pannus  forms,  superficial  ulcerations  of  the  cornea  follow,  and  if 
pathogenic  germs  find  entrance  to  the  corneal  tissue,  deep  ulcers,  with 
more  or  less  destruction  of  the  cornea,  ensue.  The  margins  of  the 
lids  become  inverted  (entropion),  and  the  lashes  rub  against  the 
cornea.  The  palpebral  fissure  is  narrowed. 

Trachomatous  tissue  may  appear  on  the  ocular  conjunctiva,  the 
caruncle,  or  even  on  the  cornea.  Years  may  elapse  before  the  second 
stage  passes  into  the  third  stage,  which  is  known  as  the  stage  of  atrophy 
or  cicatrization.  The  cornea  now  presents  an  opaque  appearance. 
The  conjunctiva  is  much  reduced  in  area,  and  presents  no  le  of  the 
appearances  of  the  normal  mucous  membrane;  the  surfaces  are  dry, 
except  perhaps  for  the  presence  of  a few  islets  of  approximately 
normal  tissue.  Vision  is  reduced  to  perception  of  light;  the  con- 
junctival surface  as  well  as  the  cornea  is  dry  (xerosis  cicatricialis) 
and  pale  in  color. 

Trachoma  need  not  necessarily  pass  through  ; 11  of  these  stages,  but 
may  be  arrested,  with  the  preservation  of  what  normal  tissue  remains 
at  any  part  of  the  first  or  second  stage.  The  disease  ceases  spon- 
taneously in  rare  cases,  but  too  frequently  persists  throughout  the 
life  of  the  patient  if  treatment  is  not  resorted  to. 

Causes.  While  trachoma  is  not  confined  to  the  poor,  it  is  much  more 
frequently  met  with  among  then,,  filth,  overcrowding,  vitiated  atmos- 
phere, and  improper  and  insufficient  food  contributing  to  its  produc- 
tion. It  is  possible  that  a contagium  must  be  added  to  produce  the 
disease.  Many  researches  have  been  undertaken  to  discover  the 
specific  cause,  and  a ini<  ro-organism  has  been  isolated  which  bears  a 
close  relation  to  the  disease;  this  micro-organism,  which  is  a small 
double  coccus,  has  been  described  by  Sattler  and  Michel.  Mutler- 
milch  has  described  a fungus  which  he  terms  Microsporosa  trachoma- 
torum.  Pfeiior  and  Ridley  have  described  parasitic  protozoa. 
Although  it  is  believed  to  be  a microphytic  disease,  sufficient  evidence 
is  not  yet  at  hand  to  establish  the  identity  of  any  known  germ  as  the 
specific  cause. 

It  cannot  be  demonstrated  that  any  condition  of  the  system  pre- 
disposes to  trachoma.  It  is  found  in  the  robust  as  well  as  in  the 
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poorly  nourished.  Lymphatic  individuals  do  not  appear  to  con- 
tract the  disease  more  readily  than  others. 

Pathology.  The  trachoma  follicle,  which  is  substantially  a minia- 
ture lymph  gland,  is  the  essential  element  ; these  follicles  consist  of  a 
delicate  indefinite  connective-tissue  capsule  containing  a mass  of 
lymphoid  cells,  this  collection  of  cells  being  traversed  by  very  fine 
connective-tissue  trabeculae.  (Plate  V.)  Small  bloodvessels  ramify 
in  the  connective-tissue  stroma  that  surrounds  the  follicle,  and  capil- 
laries are  found  in  the  mass  of  cells  that  form  the  follicle.  As  the 
disease  passes  into  the  second  stage,  the  septa  between  individual 
follicles  disappear  and  the  lymphoid  masses  become  continuous,  form- 
ing plaques  of  various  sizes,  and  the  substantia  propria  of  the  conjunc- 
tiva gradually  gives  place  to  cicatricial  tissue.  The  epithelium  cover- 
ing the  granules  varies  in  thickness  and  is  irregular. 

Diagnosis.  Trachoma  in  its  first  stage  may  be  confounded  with 
vernal  catarrh,  tuberculosis  of  the  conjunctiva,  and  Parinaud’s  disease. 
The  history  of  the  case  will  suffice  to  distinguish  it  from  the  first,  or, 
if  the  history  is  not  sufficient,  microscopical  examination  of  a nodule 
will  suffice.  In  vernal  catarrh  the  nodule  is  a fibroma.  The  micro- 
scopical examination  with  the  history  of  the  case  will  suffice  to  dis- 
tinguish it  from  tuberculosis,  and  in  Parinaud’s  disease  the  excessive 
involvement  of  the  cervical  and  preauricular  glands  with  the  affection 
confined  to  one  side  (as  it  usually  occurs)  will  be  sufficient. 

Prognosis.  This  is  favorable  when  the  disease  is  seen  in  the  first 
or  early  part  of  the  second  stage.  When  the  cornea  has  become 
involved,  further  damage  may  be  obviated;  but  the  tissues  destroyed 
cannot  be  restored. 

Treatment.  This  is  prophylactic,  medicinal,  and  surgical,  tra- 
choma should  be  treated  as  a contagious  disease.  In  ho  nes  care 
should  be  taken  to  require  the  patient  to  sleep  alone  and  to  prevent 
other  members  of  the  family  from  using  towels,  handkerchiefs,  v ash- 
ing utensils,  etc.,  that  are  employed  by  the  patient.  J n asylums, 
barracks,  etc.,  isolation  with  individual  towels  should  oe  enforced. 

Medicinal.  The  eyes  should  be  thoroughly  cleansed  as  often  as  is 
necessary  to  keep  them  free  from  discharge,  by  bathing  with  a solu- 
tion of  boric  acid  or  mercuric  chloride  (1  : 15,000);  eyedrops  of 
mercuric  chloride  (1  : 5000  to  1 : 3000),  formalin  (1  : 3000),  chlorine 
water  (50  per  cent.,  U.  S.  P.),  or  chloride  of  zinc  (gr.  j to  yj),  may  be 
instilled  into  the  eye  three  or  four  tunes  daily ; the  conjunctival  surface 
may  be  sprayed  once  daily  with  tannic  acid  and  glycerin  (gr.  xxx  to 
lx  to  yj).  Boroglyceride  (30  to  50  per  cent.)  may  be  applied  to 
the  surface  of  the  conjunctiva,  and  is  of  value  in  the  later  stage, when 
there  is  more  or  less  xerosis.  Iodide  of  benzosinal,  2 per  cent.  (Sea- 
brook),  may  be  of  servita  Jequirity  bean  in  infusion  and  in  powder 
is  employed  to  exc  te  a counter-inflammation  to  cause  absorption  oi 

the  follicles.  . 

Solid  AppHca  'ions.  The  remedy  that  finds  most  favor  in  cases  ot 
trachoma  where  the  discharge  is  not  profuse  is  the  crystal  of  the 
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sulphate  of  copper;  this  is  applied  by  lightly  and  rapidly  passing  the 
smooth  crystal  over  the  affected  portions  of  the  conjunctiva.  The 
sulphate  of  aluminium  and  potassium  crystal  and  the  stick  of  miti- 
gated nitrate  of  silver  are  also  employed  with  benefit. 

Of  the  powders,  iodoform,  iodol,  aristol,  boric  acid,  or  calomel 
may  be  dusted  on  the  affected  parts  after  cleansing.  Corneal  com- 
plications usually  require  atropine,  but  nothing  additional. 

Surgical.  Comprises  the  various  methods  employed  for  remov- 
ing the  granules.  Galezowski,  in  1874,  advocated  removal  of  the 
retrotarsal  fold  under  ether  anaesthesia  by  seizing  the  fold  with 
forceps,  drawing  it  down  and  excising  it.  The  operation  should 
never  be  resorted  to,  as  it  is  too  destructive  of  conjunctival  tissue. 


Fig.  133. 


Knapp’s  expression  forceps. 


The  method  that  has  found  most  favor  is  that  of  expression,  for 
which  a number  of  instruments  have  been  devised,  known  as  expres- 
sion forceps.  (Fig.  133.)  In  1889  Prince  presented  a “ring”  forceps 
for  this  purpose  before  the  Illinois  State  Medical  Society.  Other 
forceps  are  those  of  H.  D.  Noyes,  Knapp,  and  Gruening.  Scari- 
fication of  the  epithelial  covering  of  the  granules  before  expression 
is  attempted  facilitates  escape  of  the  contents.  For  this  step,  the 
Desmarres  scarificator  or  that  of  the  writer  may  L°  employed.  Fig. 
134.)  As  the  operation  is  painful,  ether  anaesthesia  is  desirable, 
but  cocaine  may  be  used.  The  lids  are  full)  everted,  the  surface 


Fig.  134. 


Wt^k'’  s carificator. 


superficially  scarified,  and  tne  shallow  incisions  directed  parallel 
to  the  margin  of  the  lid.  The  folds  of  conjunctiva  are  seized 
with  the  forceps  and  freed  from  the  trachomatous  tissue  by  a 
gentle  stripping^  motion.  Afterward  the  surface  may  be  bathed 
with  a weak  sublimate,  boric  acid,  or  normal  saline  solution,  and 
treated  by  cold  compresses  without  bandaging,  or  a bandage  may 
be  applied  for  twenty-four  hours;  the  introduction  of  an  oint- 
ment of  mercuric  chloride  in  vaseline  (1  : 5000)  serves  to  prevent, 
adhesions  between  the  conjunctival  surfaces  and  to  exert  a mild 
antiseptic  effect.  The  after-treatment  consists  in  the  use  of  a mild 
aniisoptic  wash  three  times  daily  and  in  breaking  up  any  adhe- 
sions that  may  form.  Cocaine  ana'sthesia  should  be  employed  when 
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these  adhesions  are  attacked.  In  cases  where  the  palpebral  fissure 
is  narrowed  and  the  cornea  is  suffering  from  undue  pressure  from  the 
lids,  canthoplasty  may  be  resorted  to. 

Parinaud’s  conjunctivitis  is  a mucopurulent  affection  of  the 
conjunctiva  characterized  by  the  formation  of  rather  large  granules 
or  elevations  on  the  conjunctiva,  which  sometimes  are  pediculated 
(Gifford).  The  condition  is  accompanied  by  pronounced  swelling  of 
the  preauricular,  retromaxillary,  and  cervical  glands,  which  some- 
times suppurate.  . 

The  onset  of  Parinaud’s  disease,  so  far  as  the  eye  is  concerned,  is 
much  like  that  of  acute  trachoma.  Lacrymation  is  followed  in  forty- 
eight  to  seventy-two  hours  by  a mucopurulent  secretion,  with  swell- 
ing of  the  lids,  which  in  severe  cases  is  pronounced.  On  everting 
the  upper  lid  on  the  third  or  fourth  day,  elevations  are  observed 
which  resemble  the  granules  in  acute  trachoma;  these  nodules  gen- 
erally become  somewhat  larger  than  in  trachoma,  and  soon  superficial 
ulcers  are  observed  in  the  sulci  between  the  small  nodules.  The 
ulcers  seem  to  bear  some  relation  to  the  degree  of  involvement  of  the 
preauricular  and  cervical  glands;  when  the  ulcers  are  numerous  the 
glands  are  most  severely  affected.  Ulceration  of  the  cornea,  which 
is  an  occasional  complication,  is  also  more  apt  to  occur  when  the  con- 
junctival ulceration  is  most  marked.  Chills  and  fever  accompany 

the  affection.  . . 

Cause.  The  disease  is  supposed  to  be  due  to  an  infection  of  animal 
origin;  it  attacks  individuals  of  all  ages,  is  monolateral,  and  does  not 
appear  to  be  contagious.  No  specific  micro-organism  has  been  dis 
covered,  although  the  nature  of  the  disease  points  strongly  to  a specific 
cause. 

Duration.  The  disease  may  terminate  in  three  weeks,  01  n may 
persist  for  six  or  eight  months.  Relapses  are  very  apt  to  occur,  but 
eventually  perfect  recovery  takes  place. 

Treatment.  No  special  treatment  directed  to  the  nodmes  is  neces- 
sary. Frequent  cleansing  with  a solution  of  boric  acid  seems  to  be 
sufficient.  A solution  of  mercuric  chloride  (1 : "GOO)  may  be  instilled 
every  four  hours,  or  calomel  may  be  dustei  i onto  the  lids 

Gout  of  the  Conjunctiva.  An  intense  cedcmatous  swelling  of  the 
conjunctiva  of  the  lids  and  of  the  eycb.-'l,  accompanied  by  profuse 
lacrymation,  with  little  mucus,  and  occasioning  great  discomfort  to  the 
patient,  is  sometimes  met  with  in  individuals  who  suffer  from  gout. 
This  form  of  conjunctival  irritation  closely  resembles  the  manifesta- 
tions of  gout  as  observed  in  the  swelling  of  the  great  toe,  the  oedema 
of  the  ankles  and  other  distal  articulations.  It  appears  suddenly, 
reaching  its  height  in  twenty-four  to  forty-eight  hours,  and  recedes 
in  five  to  ten  days.  Chemosis  may  be  marked.  It  is  usually  accom- 
panied by  gouty  nu  nifestations  in  other  parts  of  the  system,  and  is 
the  occasional  manifestation  of  a gouty  crisis.. 

Treatment.  L ically,  cleansing  of  the  conjunctival  sac  three  or 
four  times  daily  with  a solution  of  boric  acid  and  the  application  of 
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cool  leacl-and-opium  wash  compresses  to  the  lids.  Internally,  treat- 
ment should  be  directed  against  the  gouty  condition. 

Pemphigus.  This  affection,  which  runs  a specific  course,  but  for 
which  no  cause  has  as  yet  been  determined,  is  extremely  rare, 
occurring  but  three  times  in  70,000  cases  of  eye  disease  observed  by 
Horner.  It  is  characterized  by  the  formation  of  transient  bulla?, 
which  form  on  the  palpebral  and  at  times  on  the  ocular  conjunctiva, 
on  a reddened  base.  The  bullae  soon  break,  leaving  a floor  slightly 
paler  than  the  surrounding  conjunctiva,  with  shreds  of  epithelium 
hanging  to  its  borders ; the  denuded  surface  is  soon  covered  by  new- 
formed  epithelium,  and  the  process  is  shortly  repeated.  The  denuded 
surfaces  become  agglutinated  to  opposing  denuded  surfaces,  and 
soon  meridianal  bands  of  connective  tissue  join  the  ocular  and  pal- 
pebral conjunctiva.  Cicatricial  tissue  slowly  forms  in  the  substantia 
propria  of  the  conjunctiva,  and  after  many  years  the  conjunctival  sac 
becomes  obliterated  and  superficial  ulceration  of  the  cornea  develops. 
A condition  of  cicatricial  xerosis  is  gradually  reached  and  vision  is 
reduced  to  perception  of  light. 

Cause.  Pemphigus  usually  accompanies  pemphigus  vulgaris  or 
pemphigus  foliaceus,  and  depends  on  a dyscrasia  of  the  system.  It 
attacks  individuals  at  all  ages. 

Treatment.  Treatment  is  of  little  value. 


Forms  of  Conjunctivitis  in  which  the  Etiological  Facfo:  has  been 

Determined. 

Acute  contagious  conjunctivitis  (pink  eye)  is  due  to  che  presence 
of  a small  bacillus  known  as  the  Weeks  and  as  the  Koch-Weeks  bacil- 
lus (Plate  VI.,  Fig.  1),  first  mentioned  by  Kv,ch  in  1883,  and  proved 
to  be  the  specific  micro-organism  by  Weeks  in  November,  1886. 

Susceptibility.  All  conjunctive  are  susceptible  to  the  influence  of 
this  micro-organism.  One  attack  or  the  disease  does  not  produce 
immunity. 

Symptoms.  For  thirty-six  to  forty-eight  hours  after  the  inception 
of  the  contagium  nothing  further  than  a slight  itching  of  the  eye  is 
experienced.  On  the  morning  of  the  second  day  the  margins  of  the 
lids  are  stuck  together  by  a mucopurulent  secretion.  There  is  a 
burning  sensation  in  the  lids.  Interference  with  vision  is  slight. 
Toward  evening  tie  mucopurulent  secretion  increases  and  the  general 
discomfort  is  more  marked.  By  the  fourth  day  the  secretion  has 
assumed  a yellowish  color  and  is  quite  copious.  * The  height  of  the 
disease  is  usually  reached  on  the  third  or  fourth  day.  The  acute 
stage  lasts  from  three  to  seven  days,  and  may  be  accompanied  by 
coryza  and  frontal  headache.  In  the  early  part  of  the  acute  stage 
numerous  small  extravasations  of  blood  are  frequently  observed  in 
the  ocular  conjunctiva.  This  symptom  is  so  pronounced  that  some 
English  surgeons  have  termed  the  disease  “ hemorrhagic  conjunctivi- 
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tis.”  The  congestion  of  the  ocular  conjunctiva  in  the  acute  stage 
gives  the  eye  a vivid  red  appearance,  which  has  caused  this  form  of 
conjunctivitis  to  be  popularly  known  as  “pink  eye.  As  the  acute 
stage  subsides,  the  secretion  becomes  less  copious  but  thicker.  A 
bright-yellow  mass  of  secretion  is  present  at  the  inner  canthus  in  the 
morning,  a sign  that  is  almost  pathognomonic  of  the  disease.  ith 
subsidence  of  the  secretion  and  of  the  swelling  of  the  lids  and  con- 
junctiva, the  painful  symptoms  disappear;  however,  a sensation  of 
dryness  of  the  conjunctiva  persists  for  weeks,  particularly  noticeable 
on  use  of  the  eyes  with  artificial  light. 

Duration.  If  simple  cleanliness  is  observed,  the  disease  usually 
runs  its  course  in  two  or  three  weeks,  all  of  the  symptoms  disappear- 
ing. It  may  last  for  six  months  if  no  treatment  is  instituted.  Under 
suitable  treatment  the  average  duration  is  eight  to  twelve  days. 

Contagious  Qualities.  Mucopurulent  conjunctivitis  is  extremely 
contagious.  In  residential  schools,  asylums,  barracks,  penal  institu- 
tions, communities,  and  families,  it  frequently  becomes  epidemic.  It 
may  become  endemic.  Communication  from  one  individual  to 
another  is,  probably,  by  means  of  towels,  common  bathing  water,  etc., 
as  well  as  by  direct  contact.  There  is  little  doubt  that  the  contagious 
element  may  be  carried  by  draughts  of  air  and  by  the  water  in  public 

baths.  _ . . 

Diagnosis.  In  a typical  case  the  diagnosis  is  comparatively  easy. 
In  severe  cases  the  condition  may  be  mistaken  for  gonorrhoeal  con- 
junctivitis, or  even  for  diphtheria  in  cases  where  a pseudomembrane 
occurs.  The  microscope  is  necessary  to  clear  up  the  diagnosis  m 
these  cases 

Complications.  Phlyctenulae,  pseudomembrane,  corneal  ulcer 
(rarely). 

Prognosis.  Favorable  in  all  cases. 

Prophylaxis  is  all-important,  and  consists  in  strict  quarantine 
until  all  of  the  secretion  has  disappeared. 

Treatment.  Cold  applications  to  the  lids  for  one  iour  at  a time 
three  times  daily  during  the  acute  stage.  Frequent  cleansing  with 
sterile  boric  acid  solution  (3  per  cent.)  should  1°  resorted  to.  As  the 
acute  stage  begins  to  subside  much  benefit  is  derived  from  applying 
a 0.5  per  cent,  solution  of  nitrate  of  silver  to  the  conjunctival  surface 

once  daily  until  the  secretion  ceases. 

Pneumococcic  Conjunctivitis.  Acute  contagious  conjunctivitis, 
due  to  the  presence  of  the  pneumococcus  first  described  as  a cause 
of  conjunctivitis  by  Morax,  in  iS94.  The  clinical  features  of  this 
disease  are  similar  to  those  of  the  affection  just  described,  except 
that,  as  a rule,  the  disturbance  is  less  severe.  The  description  and 
treatment  just  given  wl'l  suffice  for  this  form  of  conjunctivitis. 

Contagious  Qualitico.  Pneumococcus  conjunctivitis  affects  children 
and  adults,  and  it  may  become  epidemic.  It  has  been  proved  by 
the  researches  of  Gasperini,  Gifford,  and  others,  that  a susceptible 
condition  o;  the  conjunctiva  must  exist  before  the  disease  in  question 
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can  be  produced.  It  is  well  known  that  the  Weichselbaum  pneumo- 
coccus may  exist  in  the  normal  conjunctival  sac  without  producing 
inflammation. 

Diagnosis.  It  is  difficult  to  differentiate  it  from  conjunctivitis  due 
to  the  small  bacillus.  The  microscope  will  serve  to  establish  the 
diagnosis. 

Duration.  Time,  three  days  to  two  weeks. 

Prognosis.  Good  in  all  cases. 

Subacute  Conjunctivitis  (Diplobacillus  Conjunctivitis)  This 
form  of  conjunctivitis  is  insidious  in  its  onset,  producing  redness 
and  slight  thickening  of  the  conjunctiva,  largely  confined  to  the  con- 
junctiva of  the  lids  and  fornices.  There  are  slight  increase  in  Iacry- 
mation,  a scanty  secretion  of  mucus,  with  some  pus  corpuscles,  irri- 
tation as  of  a foreign  body  in  the  eye,  and  burning  sensations  on  use 
01  eyes.  The  annoyance  is  relatively  slight,  but  persistent  The 
eyelids  may  become  somewhat  congested,  but  they  are  not  appreciablv 
thickened.  In  rare  cases  the  cornea  becomes  involved,  a superficial 
marginal  keratitis,  being  produced,  followed  by  cloudiness  of  the 
affected  area.  This  may  advance  and  narrow  the  transparent  area 
of  the  cornea  to  very  small  limits. 

Cause.  Morax,  and  later  Axenfeld,  have  described  a bacillus  as 
the  cause  of  this  disease,  and  their  studies  have  been  confirmed  by 
Gifford  and  others.  The  bacillus  measures  2 to  3 u in  length  and 
1 to  1.5//  in  breadth.  (Plate  VI.,  Fig.  2.) 

Duration.  The  disease  may  last  for  six  weeks  or  as  many  months 

Contagiousness.  Very  slight. 

Treatment.  The  eye  should  be  cleansed  with  a boric  acid  solution 
and  zinc  chloride  (gr.  j to  5j)  should  be  instilled  twice  or  three 
times  a day. 

Gonorrhoeal  Conjunctivitis  (Purulent  Conjunctivitis;  Acute  Blen- 
norrhoea).  This  disease  is  described  under  two  titles,  namely 
gonorrhoeal  ophthalmia  and  ophthalmia  neonatorum,  the  latter  term 
being  applied  to  the  disease  as  it  occurs  in  infants  less  than  one  vear 
of  age.  J 

Cause.  This  affection  is  due  to  :he  presence  in  the  conjunctival  sac 
ot  the  gonococcus  of  Neisser,  described  by  him  in  1879.  (Plate  VII.) 
The  contagium  is  most  frequently  conveyed  by  the  finger  from  an 
active  gonorrhoeal  urethiitis  or  from  a gleet ; towels,  washing  utensils 
soiled  linen,  etc.,  may  be  the  means  of  carrying  it.  In  all  proba- 
bility the  micro-organism  is  not  carried  by  currents  of  air.  This 
micro-organism  attacks  all  human  conjunctiva'  with  which  it  comes 
in  contact,  regardless  of  the  condition  of  the  individual. 

Description  o7  the  Disease,  Acute  Stage.  A period  of  twelve  to  thirty- 
six  hours  is  required  after  the  entrance  of  the  contagium  to  produce 
marked  u’suirbances,  then  the  lacrymation  is  increased,  the  conjunc- 
tiva soon  becomes  injected,  and  swelling  rapidly  advances.  Twenty- 
ton-  -.ours  later  the  lids  have  become  much  swollen,  the  conjunc- 
iIva  thickened  and  deeply  injected,  and  the  secretion  mucopurulent, 
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sometimes  sanguinolent  and  mixed  with  the  lacrymal  fluid.  Burn- 
ing and  gritty  sensations  are  experienced;  dull  pain  in  the  eye 
is  .occasioned  by  pressure  of  the  lids.  In  two  or  three  days  the 
height  of  the  acute  stage  is  reached.  The  swelling  of  the  lids  now  is 
often  enormous.  The  eyelids  cannot  be  opened  by  the  patient,  and 
are  opened  with  difficulty  by  the  surgeon.  The  palpebral  conjunctiva 
is  much  thickened  and  velvety,  due  to  a cellular  infiltration;  the  ocular 
conjunctiva  is  swollen  and  often  glistening;  small  ecchymotic  spots 
are  sometimes  present;  chemosis  is  marked.  The  secretion,  which  is 
yellow,  not  very  thick,  and  almost  entirely  free  from  mucin,  flows 
from  beneath  the  upper  lid  onto  the  cheek,  matting  the  cilia.  The 
acute  stage  continues  five  to  eight  days,  wffien  it  gradually  passes 
into  the  subacute  stage.  The  tense  swelling  of  the  lids,  subsides  and 
the  venous  stasis  is  relieved.  The  secretion,  which  is  copious,  is 
creamy,  the  conjunctiva  is  thickened  and  thrown  into  folds  and 
nodules,  and  the  chemosis  is  less  marked.  With  diminution  in  the 
weight  and  tension  of  the  lids  the  pain  becomes  less  severe.  This 
stage  may  last  two  or  three  weeks,  and  recovery  then  be  established ; 
or  the  disease  may  pass  into  a chronic  stage,  which  may  continue 
for  weeks  or  even  months. 

Severity.  The  description  just  given  applies  to  the  ordinary  cases 
met  with.  Cases  occur  in  which  the  affection  is  exceedingly  light, 
the  discharge  scanty  and  not  free  from  mucus.  Some  cases  are  ex- 
tremely severe,  and  the  swelling  of  the  lids  and  conjunctiva  great. 
The  conjunctiva  is  pale  in  hue,  from  the  pressure  of  the  infiltration. 
Pseudomembranes  form  on  the  surface  of  the  palpebral  conjunctiva, 
often  closely  resembling  diphtheria.  The  severe  cases  occur  nosi 
frequently  in  adults. 

Complications.  The  cornea  is  involved  in  about  33  per  cen+.  o the 
cases  occurring  in  adults;  the  ultimate  impairment  of  vision  varies 
much ; complete  destruction  of  vision  may  occur.  Ulcer  of  che  cornea 
does  not  occur  ordinarily  until  the  second  week  of  the  c ist  ase.  Gonor- 
rhoeal iritis  and  iridochoroiditis  may  complicate  the  attack.  Gonor- 
rhoeal rheumatism  may  also  result.  This  complication  occurs  only 
in  the  late  stage  of  the  disease.  Pseudomem  t rane  forms  on  the 
palpebral  conjunctiva  in  perhaps  20  per  cent,  of  the  cases  that  occur 

111  Diagnosis.  Light  forms  of  the  disease  may  be  confounded  with 
acute  contagious  conjunctivitis;  Severn  cases  may  be. mistaken  for 
diphtheria.  Microscopical  examination  of  the  secretion  will  serve 
to  make  the  diagnosis  clear  in  the  greater  number  of  cases.  In  cases 
that  have  been  under  treatment  for  some  time  and  in  the  very 
mild  cases  it  is  difficult  to  And  the  gonococcus,  but  patient  search 
is  usually  rewarded. 

Prophylaxis.  One  vho  has  gonorrhoeal  urethritis  should  be  cau- 
tioned regarding  t^L  ranger  of  infecting  the  conjunctiva.  After  a 
gonorrhoeal  conjunctivitis  is  established  in  one  eye,  care  should  b( 
observed  not  to  convey  the  contagion  to  the  other  eye.  In  adults 
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it  is  wise  to  protect  the  eye  either  by  a carefully  applied  aseptic 
bandage  sealed  at  the  nasal  half  with  collodion,  or,  better,  a Buller 
shield  may  be  employed.  This  consists  of  a watch-glass  which. is 
secured  over  the  eye  by  means  of  rubber  adhesive  plaster.  All 
dressings  that  come  from  the  eye  should  be  destroyed,  and  the 
greatest  care  should  be  observed  in  the  disinfection  of  appliances 
used.  The  nurse  and  others  in  attendance  should  be  instructed  re- 
garding the  danger  and  the  precautions  necessary.  The  hands  should 
be  washed  after  touching  the  eye. 

Treatment.  In  cases  that  are  seen  in  twenty-four  or  thirty-six  hours 
after  the  eye  has  been  infected,  it  is  possible  to  abort  the  disease, 
in  a number  of  cases  at  least.  This  is  done  by  thoroughlv  cleansing 
the  eye,  freeing  it  from  all  secretion,  thoroughly  applying  a solution 
of  nitrate  of  silver  (1  to  2 per  cent.)  to  the  entire  surface  of  the 
conjunctiva  twice  in  twenty-four  hours,  and  making  cold  applications 
to  the  lids.  After  three  applications  the  silver  may  be  stopped. 
The  use  of  boric  acid  for  cleansing  the  conjunctiva  should  be  con- 
tinued for  a few  days,  as  should  also  the  cold  applications.  The 
greater  number  of  cases  have  progressed  too  far  when  seen  by  the 
surgeon  to  permit  of  abortive  treatment.  Careful  vigorous  treat- 
ment should  be  commenced  at  once.  If  the  lids  are  much  swollen, 
cold  applications  should  be  made  constantly.  If  the  lids  are  not 
greatly  swollen,  the  applications  may  be  made  for  three  hours  at  a 
time,  an  interval  of  one  hour  permitted,  and  the  cold  applications 
resumed.  This  should  be  continued  until  the  acute  stage  has  passed, 
and  the  frequency  and  length  of  time  gradually  diminished. 

Method  of  Making  Cold  Applications.  Pledgees  of  linen  one  and 
one-half  by  two  inches  square,  of  three  or  four  thicknesses,  or  squares 
of  patent  lint  or  absorbent  cotton,  should  be  prepared,  and,  after 
being  moistened,  placed  on  a cake  of  ice  to  the  number  of  a dozen  or 
more.  (A  thin  piece  of  linen  may  be  spmad  on  the  ice  and  the  pads 
laid  on  the  linen.)  The  pledgets  shou'd  be  changed  from  ice  to  eye 
every  one  to  two  minutes,  or  sufficiently  often  to  keep  cool  the  pledget 
that  rests  on  the  eye.  To  car  y out  this  treatment  requires  the 
constant  attendance  of  two  nurses — one  for  day  and  one  for  night 
duty.  It  may  happen  that,  die  eye  is  kept  too  cold  and  the  corneal 
tissue  loses  its  vitality.  This  calamity  may  easily  be  avoided 
by  inspecting  the  cornea  from  time  to  time.  In  such  cases  the 
cornea  becomes  uniformly  hazy,  taking  on  the  appearance  of  ground 
glass.  If  the  cornea  shows  the  effect  of  cold,  the  applications  should 
be  made  for  a few  hours  at  a time,  and  the  intervals  lengthened. 
Heat  is  not  desirable  until  the  gonococci  have  disappeared;  in  the 
later  stage  of  the  disease  it  may  be  of  service. 

The  eye  should  be  kept  as  clean  as  possible  by  frequent  bathing  with 
a solution  of  boric  acid  (3  per  cent.),  or  mercuric  chloride,  1 : 15,000. 
In  cleaning  the  eye,  the  lids  should  be  separated  very  gently  and 
the  solution  be  permitted  to  enter  the  eye  by  dripping  from  a pledget 
of  cotton,  by  pouring  from  an  undine,  or  by  a gentle  stream  from 
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a pipette.  For  washing  the  eye,  boric  acid,  trikresol,  potassium  per- 
manganate, mercuric  chloride  or  cyanide,  formaldehyde  1 : 10,000 
to  1 : 5000,  or  hydrogen  dioxide  (one-third,  U.  S.  P.)  may  be  employed. 
The  peroxide  of  hydrogen  may  be  employed  four  or  five  times  daily 
for  this  purpose.  Potassium  permanganate,  1 : 2000,  to  irrigate  the 
conjunctiva,  is  efficient. 

It  has  been  found  advantageous  to  stuff  the  conjunctival  sac  with 
boric  acid  ointment  (5  per  cent,  of  boric  acid  vaseline,  Wilson)*  each 
time  after  bathing  the  eye.  Applications  of  a solution  of  nitrate  of 
silver  (0.5  to  2 per  cent.)  may  be  made  once  in  twenty-four  hours. 
Solutions  stronger  than  five  or  ten  grains  to  the  ounce  are  seldom 
necessary. 

Protargol,  20  to  40  per  cent.,  may  be  applied  to  the  conjunctiva 
once  or  twice  daily.  The  continued  use  of  this  drug  produces  a 
thickening  of  the  conjunctiva  that  is  recovered  from  but  slowly.  It 
may  be  employed  with  advantage  for  a few  days  during  and  imme- 
diately following  the  very  acute  stage. 

When  ulcer  of  the  cornea  is  threatened,  borated  vaseline  should 
be  applied  at  least  every  two  hours  to  the  corneal  surface  after  thor- 
ough cleansing  of  the  cornea  and  conjunctiva.  To  the  vaseline, 
atropine  may  be  added  in  the  proportion  of  one  grain  to  the  ounce, 
or  atropine  in  solution,  1 per  cent.,  may  be  instilled  twice  daily.  If 
perforation  is  imminent,  paracentesis  may  be  done  through  the  floor 
of  the  ulcer.  If  there  is  no  evidence  of  congestion  or  inflammation 
of  the  iris,  and  the  ulcer  progresses,  eserine  (0.5  per  cent.)  may  be 
instilled  twice  daily.  The  leucomata  and  staphylomata  and  th° 
shrunken  globes  that  follow  in  some  cases  should  be  treated  as 
thought  most  expedient. 

Depletion.  If  the  lids  are  greatly  swollen  and  the  cornea  likely  to 
suffer  from  pressure,  a free  canthotomy  may  be  performed,  which  af- 
fords depletion  as  well  as  release  of  tension.  Critchett’s  operation, 
which  consists  in  splitting  the  upper  lid  vertically  throng''  its  entire 
thickness  and  stitching  the  flaps  to  the  brow,  restoring  the  lid  by  a 
plastic  operation  after  the  disease  has  subsided,  may  be  resorted  to. 
Scarification  of  the  chemotic  tissue  may  be  done  in  some  cases. 

Constitutional.  The  general  condition  of  the  patient  should  be 
studied,  and  such  measures  as  are  required  to  maintain  the  normal 
vital  processes  in  full  vigor  should  be  instituted. 

Ophthalmia  Neonatorum.  Liberally  construed,  this  term  may  be 
made  to  include  the  purulent  or  mucopurulent  inflammations  of  the 
conjunctiva  that  occur  during  tht  first  year  after  birth.  Ordinarily 
the  term  is  applied  to  those  forms  of  conjunctivitis  that  appear  before 
the  end  of  the  first  month  after  birth.  ... 

Cause.  All  who  have  made  careful  bacteriological  examinations  ot 
the  secretion  in  cases  of  ophthalmia  neonatorum  are  convinced  that 
the  cases  that  occur  bciore  the  end  of  the  third  day  after  birth  are 
due  almost  without  exception  to  the  presence  of  the  gonococcus. 
Cases  that  occur  ater  may  be  due  to  the  gonococcus,  but  not  a few 
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are  due  to  the  Koch-Weeks  bacillus, the  pneumococcus,  the  Klebs- 
Loeffler  bacillus,  or  some  other  form  of  pathogenic  germ  or  irritating 
substance. 

Method  of  Infection.  We  are  now  concerned  with  the  class  of  cases 
that  occur  in  the  first  few  days  after  birth,  and  need  not  mention  the 
modes  of  infection  that  produce  conjunctivitis  later  than  this  period. 
In  almost  all  of  the  cases  infection  undoubtedly  occurs  during  the 
passage  of  the  child  along  the  genital  tract  of  the  mother  and  just  at 
the  time  of  delivery,  due  to  the  entrance  of  the  vaginal  secretion 
into  the  conjunctival  sacs.  In  rare  cases  infection  takes  place  ante- 
partum, the  disease  being  well  advanced  at  birth.  In  some  cases 
destruction  of  the  cornea  has  already  taken  place.  Infection  by  the 
nurse's  hands,  unclean  washes,  and  soiled  linen  may  occur  after  birth. 

Description  of  the  Disease.  A slight  redness  of  the  conjunctiva  is 
usually  observed  on  the  second  day,  and  on  the  third  morning  the 
lids  are  glued  together  by  a small  quantity  of  mucopus.  The  lids 
begin  to  swell,  and  soon  the  upper  lids  become  enormously  thick- 
ened, dusky  red,  and  very  tense.  They  overlap  the  lower  lids,  and 
in  the  early  part  of  the  acute  stage  seromucopus  tinged  often  with 
bile  pigment  oozes  from  the  palpebral  fissure.  The  height  of  the 
acute  stage  is  reached  on  the  third  or  fourth  day  after  the  commence- 
ment of  the  disease.  Soon  the  character  of  the  discharge  changes 
to  a creamy  pus,  large  quantities  of  which  escape;  the  conjunctiva 
becomes  greatly  thickened,  the  palpebral  portion  suffering  more 
than  the  ocular.  The  acute  stage  gradually  passes  into  a subacute 
condition,  in  which  the  swelling  of  the  lids  subsides  the  conjunctiva 
although  rough,  becomes  pale  and  atonic,  the  discharge  a little  less 
creamy  and  less  in  quantity.  This  condition  may  continue  for  weeks 
or  months. 

Severity.  The  above  is  a description  of  a case  of  medium  severity. 
Cases  of  much  greater  severity  are  occasionally  observed.  The  onset 
is  more  rapid,  the  secretion  serosangoinolent  at  first;  pseudomem- 
brane forms  on  the  palpebral  conj  mctiva,  and  the  disease  resembles 
diphtheria  of  the  conjunctiva.  A number  of  cases  are  extremely 
mild;  the  onset  very  slow,  and  recovery  rapid. 

Diagnosis.  The  age  of  the  patient  determines  the  term  to  be  applied 
to  the  disease;  but  it  is  net  always  easy  to  determine  the  variety  of 
inflammation  without  a microscopical  examination  of  the  secretion. 
This  will  serve  to  re’egate  each  case  to  its  proper  category. 

Complications.  Corneal  ulcer,  destruction  of  the  cornea,  pan- 
ophthalmitis iritis,  and  gonorrheal  rheumatism  may  complicate 
ophthalmia  neonatorum. 

Prophylaxes.  It  has  been  fully  demonstrated  that  efficient  meas- 
ures taWn  to  prevent  the  development  of  ophthalmia  neonatorum 
serve  tc  reduce  the  percentage  from  between  9 and  10  per  cent,  to 
0.5  per  cent,  or  less. 

Just  before  and  during  labor  the  genitals  of  the  mother  should  be 
rendered  as  aseptic  as  possible  by  the  use  of  suitable  douches  and 
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washes.  Very  shortly  after  the  birth  of  the  child  the  lids  should  be 
freed  from  secretion  by  wiping  with  absorbent  cotton ; the  eyes  should 
then  be  bathed  with  a weak  solution  of  mercuric  chloride,  boric  acid, 
or  normal  saline  solution;  the  lids  parted,  and  one  drop  of  a 2 per 
cent,  solution  of  nitrate  of  silver  instilled  from  the  end  of  a glass 
rod.  If  more  than  one  drop  enters  the  eye,  the  solution  should 
be  neutralized  by  washing  with  normal  saline  solution.  If  the  reac- 
tion is  considerable,  cold  applications  should  be  made  to  the  lids  for 
an  hour  after  the  application.  This  is  the  method  of  Crede,  intro- 
duced by  him  at  the  Lying-in  Hospital  in  Leipzig  in  1880.  Mercuric 
chloride,  1 : 2000,  may  be  substituted  for  the  silver. 

Treatment.  Cold  applications  are  most  desirable  in  the  acute 
stage.  They  should  be  made  more  continuously  in  severe  than 
in  mild  cases,  but  need  not  in  any  case  be  employed  so  continuously 
as  in  adults.  In  some  cases  applications  should  be  made  for  two 
hours  at  a time,  with  intervals  of  one  or  two  hours.  In  mild  cases, 
one  hour  three  times  daily  will  suffice.  Irrigation  with  boric  acid 
solution  should  be  done  frequently,  every  half-hour  in  an  ordinary 
case,  to  keep  the  eye  free  from  secretion.  Potassium  permanganate 
solution,  1 : 2000,  or  mercuric  chloride,  1 : 15,000,  may  be  substituted 
from  time  to  time  for  the  boric  acid  solution.  As  soon  as  the  tense, 
brawny  condition  of  the  lid  has  partly  subsided,  applications  of  silver 
nitrate,  0.5  to  1 per  cent.,  should  be  made  once  in  twenty-four  hours. 
Protargol,  20  per  cent.,  may  be  substituted  for  the  silver:  but  the 
prolonged  use  of  protargol  should  be  avoided.  The  applications  of 
the  nitrate  of  silver  and  the  bathing  with  boric  acid  solution  should  be 
continued  until  the  secretion  ceases. 

Pathology.  The  pathology  of  gonorrhoeal  ophthalmia  and  that  of 
ophthalmia  neonatorum  are  very  similar.  The  tissue  of  the  ids  is 
infiltrated  by  serum,  plastic  exudation,  and  small  cells.  This  infiltra- 
tion is  undoubtedly  excited  by  ptomaines  produced  b>  the  develop- 
ment of  the  gonococcus  in  the  superficial  layer  of  the  conjunctiva. 
The  vessels  of  the  conjunctiva  and  lids  become  enlarged  and  engorged, 
and  a certain  degree  of  venous  stasis  is  produced.  The  conjunctiva 
becomes  infiltrated  with  small  cells,  is  much  chickened,  and  the  papilke 
are  enlarged.  As  the  disease  subsides  all  the  inflammatory  products 
disappear  without  leaving  a trace,  except  in  the  very  severe  cases, 
in  which  there  may  be  loss  of  conjunctival  tissue,  and  in  the  very 
chronic  cases,  in  which  nodular  masses  remain  in  the  conjunctiva 
and  the  papillary  body  remains  permanently  hypertrophied. 

Diphtheritic  conjunctivitis  is  a violent  inflammation  of  the  con- 
junctiva, accompanied  by  the  formation  of  a pseudomembrane, 
occasionally  accompanving  o'phtheria  of  the  nose  and  fauces. 

Cause.  The  Klebs-Loeffler  bacillus  is  the  only  cause  of  this  form 
of  conjunctivitis,  bi  t this  micro-organism  is  soon  joined  by  others, 
notably  the  streptococcus  and  the  staphylococcus,  which  modify  the 
effect  of  the  Kit  bs-Loeffler  bacillus,  often  increasing  the  severity  of 
the  disease,  f Plates  VIII.  and  IX.) 
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Description.  The  period  of  incubation  is  from  twelve  to  thirty-six 
hours.  Intense  swelling  of  the  upper  lid,  which  becomes  brawny, 
dusky  red,  and  very  tense,  develops  rapidly,  the  firm  condition 
being  due  to  a plastic  exudation  into  the  tissue  of  the  lids,  venous 
stasis  from  pressure  imparting  the  cyanotic  appearance.  The  secre- 
tion from  the  lids  is  scant  at  first,  being  composed  of  lacrymal  fluid, 
serum,  and  blood.  Very  little  pus  or  mucus  is  seen  earlier  than  the 
second  day  after  the  onset.  Gradually  the  secretion  becomes  flaky 
and  mucopurulent,  containing  blood  and  shreds  of  fibrin,  which  char- 
acter it  assumes  in  the  subacute  stage,  becoming  purulent  at  the  end 
of  this  stage.  The  tense  swelling  of  the  lids  lasts  from  two  to  five 
days,  after  which  the  lids  become  flabby,  but  remain  thickened  for 
one  to  three  weeks.  Restoration  to  the  normal  condition  progresses 
very  slowly. 

Pseudomembrane.  At  the  end  of  twenty-four  hours  after  the 
congestion  of  the  conjunctiva  begins  the  palpebral  conjunctiva  is 
covered  with  a thin  pseudomembrane,  which  rapidly  increases  in 
thickness  and  extends  to  the  ocular  conjunctiva.  The  pseudomem- 
brane persists  until  the  subacute  stage  is  well  established.  It  rarely 
attains  the  thickness  of  more  than  one  millimetre,  and  when  detached 
it  often  presents  a perfect  cast  of  the  fornix. 

Severity.  Diphtheritic  conjunctivitis  may  exist  without  the  intense 
thickening  of  the  lids  that  has  been  described,  but  a pseudomembrane 
forms  and  is  persistent.  The  pseudomembrane  may  be  scarcely 
noticeable  and  the  affection  extremely  mild.  Somt  cases  may  be 
termed  fulminating,  ’ so  rapid  is  the  onset,  so  intense  the  swelling, 
and  so  disastrous  the  result  to  the  cornea. 

Pathology.  The  development  of  the  micro-organism  in  the  conjunc- 
tiva appears  to  cause  destruction  of  the  superilcial  epithelial  cells,  and 
so  to  affect  the  bloodvessels  that  a portion  of  the  plasma  of  the  blood 
escapes  into  the  tissue  of  the  conjunctiva  and  lids,  there  coagulating, 
and  producing  the  tense,  firm  thickening.  The  plasma  of  the  blood 
also  escapes  onto  the  conjunctival  surface,  there  coagulating  and  form- 
ing the  pseudomembrane.  In  mild  cases  where  the  lid  does  not 
become  hard  coagulation  of  plastic  lymph  in  the  tissues  of  the  lids 
does  not  occur.  While  the  formation  of  pseudomembrane  is  not 
pathognomonic  of  diphtheria,  it  almost  always  occurs  in  diphtheria 
of  the  conjunctiva.  The  greater  number  of  cases  known  as  croupous 
conjunctivitis  are  in  reality  diphtheria;  they  bear  the  same  relation 
to  the  more  seve:*e  corms  that  membranous  croup  does  to  diphtheria 
of  the  nose  and  pharynx. 

Diagnosis.  ^ When  diphtheria  of  the  conjunctiva  is  associated  with 
diphtheria  of  the  nose  or  pharynx,  the  diagnosis  is  easily  made.  How- 
ever, primary  diphtheria  of  the  conjunctiva  may  occur,  and  the  diag- 
nosis is  fhen  not  so  readily  made.  The  condition  may  be  confounded 
with  gonorrhoea  of  the  conjunctiva,  or  even  with  mucopurulent  con- 
cur ctiyitis  in  rare  cases.  Bacteriological  examination  will  serve  to 
establish  the  diagnosis. 
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Treatment.  As  soon  as  it  is  known  that  diphtheria  of  the  con- 
junctiva exists,  the  patient  should  be  given  a hypodermic  injection 
of  1500  to  2000  units  of  diphtheria  antitoxin,  making  the  injections 
either  in  the  loose  tissue  in  the  sides  of  the  abdomen  or  in  the  loose 
tissues  of  the  back.  If  the  pseudomembrane  does  not  begin  to  soften 
at  the  end  of  twenty-four  hours,  a second  injection  of  1500  to  2500 
units  of  the  antitoxin  may  be  given.  _ 

If  the  circulation  of  the  lid  is  not  too  much  interfered  with  by  the 
swelling,  cold  applications  should  be  made,  as  in  gonorrhoeal  conjunc- 
tivitis, and  as  soon  as  the  pseudomembrane  is  removed  nitrate  of 
silver  may  be  applied  once  daily  in  the  strength  of  0.5  to  1 per  cent. 
The  eye  should  be  cleansed  every  hour  with  a saturated  solution  of 
boric  acid,  a weak  solution  of  potassium  permanganate,  salicylic  acid, 
or  mercuric  chloride.  Peroxide  of  hydrogen  is  of  service  in  the  re- 
moval of  the  membrane,  if  for  any  reason  this  is  thought  advisable. 
It  does  no  good  to  remove  the  pseudomembrane  forcibly,  unless  for 
the  purpose  of  applying  remedies  directly  to  the  surface  of  the  con- 
junctiva (even  then  it  is  of  doubtful  expediency),  as  the  membrane 
reforms,  and  the  traumatism  occasioned  opens  up  new  avenues  for 
the  entrance  of  the  micro-organisms. 

If  sloughing  of  portions  of  the  conjunctiva  occur,  the  endeavor 
must  be  made  to  prevent  adhesions  between  opposing  surfaces. 

Complications.  Ulcer  of  the  cornea,  total  destruction  of  the  cor- 
nea, panophthalmitis,  and  sloughing  of  parts  of  the  conjunctiva  and 

lids  are  the  complications  met  with.  . 

Membranous  Conjunctivitis.  This  is  a class  of  cases  in  which  rt 
the  beginning  the  lids  are  only  slightly  swollen  and  red;  then,  arc 
excessive  lacrymation  and  some  mucopurulent  secretion;  the  con- 
junctiva is  slightly  thickened.  On  everting  the  upper  lid,  ft  pseudo- 
membrane is  found  which  extends  into  the  fornix.  It  is  usually  not 
very  thick.  It  may  be  removed  without  much  force,  and  on  removal 
discloses  a mucous  membrane  that  bleeds  only  very  slightly,  but  is 
not  deeply  injected,  nor  does  it  exhibit  the  characteristics  of  active 
inflammation.  The  pseudomembrane  promptly  reforms  after  re- 
moval, and  may  continue  to  reform  indefin  tely.  Although  commonly 
affecting  both  eyes,  it  is  sometimes  confined  co  one  eye.  the  indi- 
vidual suffers  but  little  pain ; there  is  but  slight  photophobia.  In 
many  of  the  cases  recovery  occurs  in  from  three  to  five  weeks,  but  in 
some  cases  the  pseudomembrane  resists  for  as  many  months  in  spite 

of  treatment.  ^ £ i 

Cause.  In  a number  of  cases  the  Klebs-Loeffler  bacillus  is  found. 
These  cases  respond  readily  to  treatment.  In  a few  cases  the  strep- 
tococcus  is  found,  and  the  affection  is  associated  with  dacryocystitis. 
Occurring  as  an  accompaniment  of  measles,  scarlet  fever,  and  influenza 
(de  Schweinitz),  the  prognosis  is  not  only  unfavorable  as  to  vision,  but 
unfavorable  to  life.  Membranous  conjunctivitis  may  accompany 
impetigo  (Moras).  The  staphylococcus  and  the  pneumococcus  have 
also  been  found  in  the  secretion  in  these  cases. 
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Diagnosis.  When  pseudomembrane  occurs  in  the  conjunctiva  it  is 
not  always  possible  to  determine  the  cause.  The  bacteriological 
examination  will  suffice  in  a number  of  cases,  and  the  history  of  the 
case  will  determine  others. 

Treatment.  Membranous  conjunctivitis  due  to  diseases  which  have 
been  discussed,  viz.:  diphtheria,  gonorrhoea,  mucopurulent  conjunc- 
tivitis, etc.,  also  accompanying  the  eruptive  fevers,  and  that  due  to 
burns  and  injury,  disappears  when  the  local  or  constitutional  disease 
is  recovered  from,  or  when  the  effect  of  the  bum  or  injury  has  passed 

In  some  of  the  indeterminate  forms,  which  are  rare,  treatment 
seems  to  have  little  influence.  However,  cleansing  solutions,  such 
as  saturated  solution  of  boric  acid,  salicylic  acid  in  saturated  aqueous 

a!nUflr;imeoZC  Chl?V(le/1  : 000  t0  1 : 15>00°)-  Potassium  perman- 
ganate (1  : -000),  and  hydrogen  peroxide,  may  be  employed  to  keep 

the  conjunctiva  free  from  secretion.  Cold  applications  in  the  more 
acute  stage  may  be  used  intermittently  with  benefit. 

Neighboring  disease  processes,  as  dacryocystitis,  abscess  of  the  lids, 
eczema  etc.,  should  be  properly  treated,  and  the  general  system 
should  be  put  in  a healthy  condition. 

Xerosis  epithelialis  (xerosis  triangularis;  xerosis  infantilis)  is 

characterized  by  a lustreless,  grayish-white,  foamy,  greasv  deposit 
on  the  conjunctiva,  which  is  not  moistened  by  the  tears  and  is  very 
persistent.  The  disease  attacks  all  individuals  except  the  very  old 

Cause.  A specific  bacillus  in  this  disease  was  described  first  by 
Colmiatti,  and  carefully  studied  by  Leber2  thre-  years  later,  and 
termed  by  him  the  diplobacillus  of  xerosis.  The  bacillus  is  short 
and  often  appears  in  pairs  joined  end  to  end.  One  of  the  member^ 
is  often  broader  at  one  end  than  the  othw  i clubbed);  the  cheesv 
secretion  contains  multitudes  of  the  bacilli  almost  in  pure  culture 

Description  and  Symptoms.  A recopt'i,  condition  of  fte  system 
appears  to  be  necessary  to  permit  the  development  of  the  disease. 

ion  infants  are  attacked,  it  is  always  the  marasmic  infant'  the 
robust  never  contract  the  disease.  Children  and  adults  always  give 
a history  of  malnutrition,  most  often  because  of  scanty  food,  with 
scarcity  of  fresh  vegetables  and  fresh  meats-those  who  are  con- 
hned  in  barracks,  pnsors,  cr  who  wmrk  remote  from  a base  of  plen- 
tiful  food  supplies,  as  in  . .lines,  or  railroads,  or  on  plantations.  In 
infants  the  lids  become  slightly  swollen,  and  a thin  flaky  secretion 
escapes,  the  infant  is  but  little  disturbed  by  the  condition  present 
On  everting  the  lids,  the  conjunctiva  in  the  fornices  is  more  or 
less  covered  by  the  characteristic  secretion.  The  secretion  mav 
extend  over  the  whole  conjunctiva  and  cornea.  Both  eyes  are 
affected,  fa  children  more  than  one  year  of  age  the  secretion  may 
show  used  first  either  on  the  palpebral  or  ocular  conjunctiva;  in 
adu  ts  almost  always  on  the  ocular  conjunctiva,  the  patch  occupy- 


Cong.  pt»riodique  inter,  de  Ophth.  Annexes,  May  28  1880 
2 Graefe’s  Arch.,  1883,  Band  xxix.,  iv.,  S.  225. 
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ing  the  conjunctiva  in  the  horizontal  meridian  on  both  sides  of 
the  cornea,  usually  triangular  in  shape,  the  base  being  next  to  the 
margin  of  the  cornea.  The  sensation  to  the  adult  is  that  of  a dry 
substance  on  the  conjunctiva.  One  patient  spoke  of  it  as  his  dry 
patch.”  Slight  irritation  of  the  conjunctiva  is  noticeable  about 
the  margin  of  the  patch.  In  children  and  in  adults  a condition  o 
hemeralopia  obtains.  The  disease  is  not  a local  one.  In  a number 
of  autopsies  that  have  been  made,  the  bacillus  was  found  in  the 
parenchyma  of  the  liver,  spleen,  kidneys,  and  pancreas. 

Duration.  In  infants  this  disease  lasts  until  death.  In  adults  the 
secretion  persists  for  months,  and  in  many  cases  for  years. 

Complications.  In  infants  the  cornea  is  deprived  of  nutrition  and 
sloughs.  All  infants  under  one  year  of  age  die.  In  children  and 
adults  the  cornea  may  become  involved,  the  patches  of  exudation 
gradually  advancing  from  the  margin  of  the  cornea,  or  appearing  in 
small  islets  slowly  encroaching  on  the  pupillary  area.  Years  may 
pass  before  the  pupillary  area  is  completely  covered.  Fortunately, 
in  the  greater  number  of  adults  and  children  the  cornea  does  not 
become  involved,  provided  suitable  treatment  is  instituted. 

Diagnosis.  The  condition  cannot  be  mistaken  for  anything  else 
after  the  clinical  picture  is  recognized  by  the  surgeon 

Pathology.  Aside  from  the  presence  of  the  bacilli,  the  superficial 
epithelial  layers  undergo  fatty  degeneration  and  death  and  are  cast 
off.  The  oil  globules  in  the  cells  are  very  minute.  The  secretion 
consists  of  these  degenerated  epithelial  cells,  some  leucocytes,  and 
the  bacilli.  On  examining  the  conjunctival  tissue  little  change  .s 
found,  except  a slight  increase  in  size  of  the  bloodvessels,  some  sn  a - 
cell  infiltration,  and  the  thickened  and  superficially  degenerated 

1 Treatment^  In  infants  it  is  of  no  avail.  In  adults  the  local  treat- 
ment consists  in  the  use  of  antiseptic  lotions  and  washes,  and  of 
ointments,  such  as  bichloride  vaseline  (1  : 5000),  the  use  of  powders 
—calomel,  iodoform,  aristol— the  powders  to  be  dusted  on  the  affected 
area  after  the  secretion  has  been  gently  wiped  off.  Unless  the  local 
treatment  is  supplemented  by  a nutritions  and  varied  diet,  a cure 
cannot  be  expected.  Suitable  tonic  remedies  should  supplement  the 

Phlyctenular  conjunctivitis  (conjunctivitis  eczematosa)  is  char- 
acterized by  the  appearance  on  the  bulbar  conjunctiva  of  one  or 
more  small  nodular  elevations,  which  are  situated  at  the  ape 
a triangular  leash  of  vessels,  the  base  of  the  leash  being  directe 
toward  the  fornix  conjunct' vse. 

Cause.  The  writer  has  felt  justified  in  including  this  affection 
among  those  that  are  caused  by  a specific  micro-organism,  because 
of  the  researches  of  others  as  well  as  of  himself.  If  an  unbroken 
phlyctenule  be  carefully  rendered  aseptic  externally  and  the  con- 
tents of  the  phlyctenule  conveyed  to  a tube  of  nutrient  agar,  a 
culture  of  the  staphylococcus  will  invariably  be  obtained.  I he  same 
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is  true  of  the  nodule  of  eczema.  Similar  nodules  may  be  produced 
by  introducing  the  staphylococci  beneath  the  epithelium  in  suitable 
subjects.  Pustular  blepharitis  marginalis  and  moist  eczema  are  fre- 
quently accompanied  by  phlyctenular  conjunctivitis  or  keratitis;  they 
are  undoubtedly  sources  of  infection.  Phlyctenular  conjunctivitis  is 
most  frequent  in  children  of  the  poorer  classes  who  have  inherited 
taints  or  are  tubercular,  or  who  suffer  from  malnutrition  accompanied 
by  lymphadenitis,  by  moist  eczema  on  some  part  of  the  body,  particu- 
larly on  the  head,  face,  and  ears;  eczematous  rhinitis,  etc.  (Fig.  135.) 


Fig.  135. 


Phlyctenular  conjunctivas  ;n  a scrofulous  subject.  (Dalrymple.) 


Adults  are  not  exempt  but  they  are  rarely  attacked.  Occasionally 
an  apparently  robust  individual  is  affected,  but  in  these  cases  blephar- 
itis marginalis  or  a parch  of  moist  eczema  is  present  or  has  preceded 
the  attack  of  phlyctenula.  Acute  conjunctivitis,  the  exanthemata, 
and  debilitating  illness  of  any  kind  predispose  to  eczematous  con- 
junctivitis. 

Description  and  Course.  In  the  early  stages  small  translucent  nodules 
appear  at  the  limbus  conjunctiva?  or  on  the  bulbar  conjunctiva. 
(Fig.  i?6.)  The  bloodvessels  of  the  conjunctiva  radiating  from  the 
nodule  become  injected.  The  nodules  may  be  single  or  multiple. 
Soon  the  apex  of  the  nodule  softens  and  disappears,  and  the  con- 
tents of  the  vesicle  take  on  a yellowish  appearance.  The  softening 


DISEASES  OF  CONJUNCTIVA , CORNEA,  AND  SCLERA.  281 

progresses  until  the  nodule  has  reached  the  level  of  the  conjunctiva, 
when  the  ulcer  becomes  clean;  epithelium  is  developed  on  its  surface, 
and  recovery  occurs  without  leaving  a scar.  Recurrences  are  the 
rule.  The  process  from  the  first  stage,  the  stage  of  efflorescence 
(Fuchs),  to  complete  recovery  requires  eight  to  fourteen  days. 

When  but  one  or  two  nodules  are  present,  the  redness  of  the  con- 
junctiva is  but  partial,  and  is  confined  to  the  vicinity  of  the  nodule. 
There  is  but  slight  increase  in  lacrymation  and  little  irritation ; no 
photophobia.  When  many  nodules  exist,  the  redness  may  extend  to 
the  palpebral  conjunctiva,  the  lacrymation  and  secretion  may  be 
much  increased,  and  some  photophobia  may  be  experienced. 


Fig.  136. 


Diagnosis.  Phlyctenular  conjunctivitis  may  be  confounded  with 
herpes  of  the  conjunctiva,  pinguecula,  lymphangiectasia,  and  verna 
catarrh,  but  the  history  of  the  case  will  serve  to  make  the  differential 

diagnosis.  . . „ 

Pathology.  The  elevation  or  nodule  is  composed  of  an  accumu 
lation  of  small  cells  resting  on  the  basement  membrane  and  causing 
an  elevation  of  the  epithelium  The  bloodvessels  at  the  base  of  the 
nodules  are  engorged  and  enlarged,  and  there  is  a scant  small-cell 
infiltration  in  the  surrounding  tissues. 

Treatment  should  be  ]ocal  and  constitutional. 

Local  A cleansing  ^septic  wash  should  be  used  to  bathe  the  eye 
three  or  four  times  laily.  An  ointment  of  the  yellow  oxide  of  mercury 
(1  per  cent.)  should  be  put  into  the  eye  twice  daily.  After  the  nodule 
has  been  ccnvirted  into  an  ulcer,  calomel  may  be  dusted  over  the 
affected  area  ouce  daily,  if  the  patient  is  not  taking  iodine. 
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Internal.  Suitable  tonic  remedies  should  be  given.  Small  and 
frequently  repeated  doses  of  calomel  (gr.  ^ to  ^ three  times  daily) 
continued  for  some  weeks,  if  no  disturbance  of  the  bowels  is  occa- 
sioned, are  of  much  value.  The  nasal  and  pharyngeal  cavities 
should  be  properly  treated. 

Tuberculosis  of  the  conjunctiva  may  be  primary  or  secondary; 
primary  when  it  originates  in  the  conjunctiva  itself,  which  is  not 
the  rule,  and  secondary  when  it  proceeds  from  a tubercular  focus 
in  some  other  part  of  the  body. 

In  'primary  tuberculosis  of  the  conjunctiva,  which  is  the  more 
acute  form,  the  tubercle  bacilli  enter  the  conjunctival  tissue  through 
wounds  of  the  conjunctiva,  sometimes  due  to  operative  procedure. 
According  to  Valude,  tubercle  bacilli  cannot  penetrate  the  intact 
epithelial  layer. 

Course  and  Symptoms.  Within  a week  or  ten  days  after  the  en- 
trance of  the  bacilli  the  conjunctiva  in  the  vicinity  of  the  place  of 
entrance  becomes  injected,  and  numerous  small  ‘ nodules,  miliary 
tubercles  resembling  trachoma  granules,  appear.  This  may  occur  on 
the  ocular  or  palpebral  conjunctiva.  The  lids  become  slightly 
swollen;  a not  very  copious  mucopurulent  secretion  forms;  there 
are  irritation  and  photophobia.  The  nodules  rapidly  increase  in 
number,  ami  may  coalesce  in  places.  Within  a few  days  after 
the  onset  the  preauricular  and  inferior  maxillary  glands  on  the 
affected  side  become  swollen  and  may  go  on  to  suppuration.  The 
tubercular  process  may  extend  to  other  parts  of  the  body.  The 
disease  runs  a very  protracted  course,  and  may  involve  the  cornea 
and  result  in  loss  of  vision.  Some  rise  of  temperature  accompanies 
the  early  stages  of  this  form  of  tubercular  infection. 

Diagnosis.  This  form  of  tuberculosis  may  be  mistaken  for  acute 
trachoma  and  for  Parinaud’s  conjuncti  vitis.  Its  monocular  char- 
acter and  the  marked  involvement  of  the  lymphatics  on  the  affected 
side  will  be  sufficient  to  exclude  t-acnoma.  Examination  of  a 
section  of  the  nodule  will  disclose  the  bacilli,  differentiating  it  from 
Parinaud’s  disease. 

Treatment.  Aside  from  early  excision  of  the  affected  tissue  little 
can  be  done.  Appropriate  constitutional  treatment  and  attention 
to  the  symptoms  as  they  ar  se  are  all  that  is  possible. 

The  secondary  form  of  tuoerculosis  is  chronic  from  the  onset.  It  is 
the  disease  formerly  kuown  as  lupus  vulgaris,  and  is  most  frequently 
due  to  extension  from  the  nasal  mucous  membrane  by  way  of  the 
lacrymal  passage.;  It  is  characterized  by  the  appearance  of  irregular 
shallow  ulcers  on  die  palpebral  or  ocular  conjunctiva  (more  frequently 
on  the  palpebral  conjunctiva),  with  raised  edges  and  grayish,  uneven 
floors,  often  presenting  granulation  tissue.  The  surrounding  conjunc- 
tiva is  but  slightly  injected,  the  lids  are  slightly  thickened,  and  a 
small  i mount  of  rather  thin,  flaky  mucopus  is  present;  there  is  little 
pain,  and  the  disturbance  to  the  patient,  except  from  the  presence  of 
the  mucus,  is  slight.  The  preauricular  glands  on  the  affected  side 
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are  enlarged,  but  there  is  little  tendency  to  suppuration.  An  affected 
area  may  eventually  be  occupied  in  whole  or  in  part  by  cicatricial 
tissue.  In  old  cases  the  conjunctival  sacs  may  be  entirely  obliterated 
by  the  cicatricial  process,  the  cornea  may  become  involved,  and  vision 
be  lost.  Years  may  pass  with  but  little  change,  but  the  tendency  is 
to  slow  and  steady  progress.  . 

Diagnosis.  Tuberculosis  of  this  form  may  be  mistaken  for  epi- 
thelioma,  or  chalazia  which  open  on  the  conjunctival  surface.  Study 
of  a section  of  the  tissue  with  the  microscope  will  suffice  to  make 
a diagnosis. 

Pathology.  The  change  in  the  tissue  in  the  first  form  is  such  as 
is  found  in  miliary  tuberculosis.  In  the  second  form  the  margins  of 
the  ulcers  are  made  up  of  a small-cell  infiltration  of  the  conjunctival 
tissue,  with  increase  in  vascularity.  In  the  tissue  of  the  wrall  of  the 
ulcer  the  tubercle  bacillus  is  found. 

Treatment.  Excision  of  the  diseased  parts,  thorough  scraping  ot 
the  base,  and  frequent  inspersion  of  iodoform  will  produce  good 
results.  The  ulcerated  areas  may  also  be  destroyed  by  means  of 

the  cautery.  . . , ..  , , 

Leprosy  of  the  conjunctiva  may  occur  as  a primary  infection,  but 
it  is  secondary  to  leprosy  in  other  parts  of  the  body  in  by  far  the 
greater  number  of  cases.  Morrow'1  cites  a case  in  which  a leprous 
tubercle  appeared  on  the  eye  and  was  mistaken  for  sarcoma.  Cu- 
taneous tubercles  followed.  “ A sclerosed,  anaesthetic  condition  of  the 
conjunctiva  follows  the  appearance  of  leprous  nodules  on  the  con- 
junctiva. This  process  may  invade  the  cornea.  Irregular  pteryg:a 
are  sometimes  produced.  An  infiltration  of  the  cornea  unattended 
by  pain  is  observed  in  the  later  stages  of  this  affection.  A mild 
persistent  irritation  of  the  conjunctiva,  with  slight  redness  and 
increased  lacrymation,  has  been  observed  by  the  writer  m cases  ot 
leprosy.  Fuchs  mentions  iritis  and  cyclitis  as  accompanying  leprosy 
of  the  ocular  conjunctiva  and  cornea.  _ 

Syphilis  of  the  conjunctiva  manifests  itself  in  r number  ot  torms 
corresponding  with  the  stage  of  the  disease,  chancre,  papillary 
syphilide,  copper-colored  spots,  mucous  p itches,  gummata,  nodular 
syphilides,  and  syphilitic  ulcer  may  appea.  in  the  conjunctiva. 

Chancre  appears  most  frequently  on  the  tarsal  conjunctiva,  extend- 
ing to  the  margin  of  the  lid,  but  may  occur  on  the  retrotarsal  folds  or 
ocular  conjunctiva.  It  possesses  an  indurated  base  much  resembling 
a piece  of  parchment.  Considerable  irritation  is  produced  by  the 
chancre  and  a rather  profile  mucopurulent  secretion  accompanies 
it.  The  elevated  mass  sometimes  disappears  without  ulceration ; but 
usually  the  apex  of  the  chancre  softens  and  disappears,  and  a shallow 
ulcer  with  indurated  sicics  and  base  is  present.  The  papillary  syph- 
ilide  is  not  common.  It  accompanies  papillary  syphilides  on  the 
face  and  lids.  Copper-colored  spots  are  not  of  common  occurrence, 


i system  of  Diseases  of  the  Skin,  Dermatology,  vol.  iii.  p.  587. 


but  have  been  observed  to  accompany  the  same  conditions  on  the 
skin.  Mucous  patches  occur  in  the  second  and  early  tertiary  stage. 
They  are  seen  most  commonly  at  the  margin  of  the  lid,  extending 
onto  the  tarsal  conjunctiva,  but  may  occur  at  any  part  of  the  mem- 
brane. They  are  slightly  elevated,  with  an  even,  grayish,  fur- 
furaceous  surface.  Gummata  affect  the  conjunctiva  of  the  lids,  or 
the  bulbar  conjunctiva  near  the  limbus.  They  appear  as  reddish 
nodules,  having  a purple  hue  in  some  cases,  and  in  some  a light- 
colored  apex.  The  base  of  the  gumma  is  injected.  The  gumma 
develops  rapidly  and  involves  the  underlying  structure.  If  not  prop- 
erly treated,  it  eventually  breaks  down,  producing  a deep  ulcer,  the 
healing  of  which  is  long  delayed.  It  leaves  a deep  cicatrix.  Multiple 
gummata  are  seldom  seen.  Gumma  may  be  mistaken  for  sarcoma. 
Nodular  syphilides  are  less  destructive  and  pursue  a much  less 
violent  course  than  the  gummata.  They  appear  as  deep-red  nodular 
masses  with  little  tendency  to  break  down.  They  may  eventually 
disappear  without  leaving  a trace.  They  may  be  multiple.  Syph- 
ilitic ulcer  is  probably  in  all  cases  the  result  of  the  breaking  down 
of  a gumma  or  a tubercular  syphilide. 

Prognosis.  If  recognized  early,  the  prognosis,  with  suitable  treat- 
ment, is  favorable  in  all  cases. 

Treatment.  Systemic  treatment  must  be  active,  sufficient,  and 
long  continued.  Locally  the  eye  should  be  cleansed  frequentiv  with 
a solution  of  mercuric  chloride  (1  : 10,000).  An  ointment  of  mer- 
curic chloride  (1  : 5000  in  vaseline)  may  be  placed  in  the  eye  after 
each  cleansing,  or  at  least  three  times  a day. 

Amyloid  disease  of  the  conjunctiva  is  a very  .are  affection.  It  is 
characterized  by  the  appearance  of  waxy  translucent,  polypoid 
masses  which  commonly  spring  from  the  lower  fornix,  but  may 
involve  the  entire  conjunctiva,  converting  it  into  large  folds  which 
overlap  the  cornea  and  greatly  obstruct  vision.  The  tissue  is  almost 
devoid  of  bloodvessels  and  is  very  frisble.  Adults  only  are  attacked. 
The  disease  is  apparently  a purely  local  one. 

Pathology.  The  masses  are  found  to  be  made  up  largely  of  lym- 
phoid cells,  which  in  parts  neat  die  surface  undergo  a change,  con- 
verting them  into  a homogeneous  mass,  which,  in  the  greater  number 
of  cases,  give  the  starch  ret  ction  to  the  iodine  test. 

Treatment.  Excision  oi  the  masses  is  necessary.  Recurrences  are 
the  rule.  If  the  bases  are  treated  by  superficial  cauterization,  return 
is  less  liable  to  takQ  place. 

Chronic  Conjunctivitis  (Chronic  Ophthalmia).  A thickened, 
injected  cordition  of  the  conjunctiva  sometimes  follows  an  acute  con- 
junctivitis; accompanies  blepharitis  marginalis  in  old  people  par- 
ticular! v.  depends  on  partial  or  complete  closure  of  the  canal  iculie 
or  eveic’on  of  the  puncta,  and  trophic  or  hypertrophic  rhinitis. 
Err  >rc  of  refraction  and  muscle  anomalies  serve  to  perpetuate  the 
condition.  In  old  people  a flabby,  slightly  congested,  swollen  con- 
duion  of  the  conjunctiva  exists,  associated  with  enlargement  of  the 
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caruncle.  These  cases  are  almost  always  accompanied  by  slight 

mucopurulent  discharge.  , . o 

Treatment  consists  in  correcting  all  conditions  that  stand  in  a 
causative  relation  to  the  conjunctivitis.  The  nasal  and  lacrymal 
passages  should  receive  careful  attention.  The  conjunctiva  itself 
should  be  brushed  with  a solution  of  nitrate  of  silver  (1  to  2 per 
cent.)  if  secretion  is  present,  and  it  should  be  kept  free  from  secre- 
tion by  bathing  with  a simple  cleansing  solution.  . . 

Egyptian  Ophthalmia.  This  term  has  been  used  indiscriminately 
to  describe  all  forms  of  ophthalmia  that  affect  large  numbers  o 
individuals,  especially  the  forms  that  appear  epidemically.  1 e 
term  has  been  made  to  include  acute  contagious  conjunctivitis,  gonor- 
rhoeal conjunctivitis,  and  trachoma.  The  last-named  disease  has  been 
most  generally  indicated  when  the  term  was  employed. 

Atrophy  of  the  Conjunctiva  (Xerophthalmia).  This  condition, 
not  accompanied  by  the  presence  of  the  xerous  bacillus,  occurs  in  a 
number  of  forms : 

(a)  Cicatricial,  as  from  trachoma  ; extensive  burns  of  the  conjunc- 
tiva, as  from  lime  or  from  liquid  ammonia.  In  cicatricial  xerosis  the 
•ducts  of  the  lacrymal  glands  are  obliterated  and  the  gland  itself 
atrophies.  In  addition,  the  character  of  the  conjunctiva  is  entirely 
changed,  so  that  no  mucus  or  other  lubricating  fluid  is  secreted  from 
it.  The  cornea  becomes  opaque,  and  vision  is  reduced  to  perception 

of  light.  , , i 

(b)  Xerosis  from  constant  exposure  to  the  air,  as  m ectropium  and 

in  lagophthalmos.  In  cases  of  this  kind  the  exposed  conjunctiva 
and  cornea  take  on  a cutaneous  appearance;  the  epithelium  becomes 
thickened,  corneous,  and  dry,  a provision  on  the  part  of  nature  to 
protect  the  deeper  layers  from  desiccation.  In  this  form  the  remedy 
lies  in  the  operative  procedure  necessary  for  the  restoration  of  a 
proper  protection  to  the  exposed  parts. 

Toxic  Conjunctivitis.  This  term  is  applied  to  the  forms  of  con- 
junctival irritations  that  are  caused  by  the  chemical  action  of  certain 
substances.  Of  these,  may  be  mentioned  the  mydriatics,  the  myotics, 
chrysarobin,  calomel,  the  dust  from  aniline  dies,  bites  of  insects,  cater- 
pillar hairs,  fumes  from  formalin,  menthol  etc.,  intense  light,  as  from 
the  electric  arc  light,  the  reflection  of  sunlight  from  the  snow. 

Atropine  produces  two  forms  of  disturbance: 

(a)  After  long  use  of  a non-stop !e  so*ution  the  conjunctiva  becomes 

hvpenemic  and  follicles  develop  in  the  fornix  and  tarsal  conjunctiva'. 
There  is  a scanty  mucopurulent  discharge.  The  picture  is  one  of 
mild  trachoma  in  the  early  stage.  The  cause  of  this  form  of  con- 
junctivitis is  probably  bacterial  infection,  the  bacteria  being  carried 
into  the  conjunctival  sac  witn  the  solution.  . 

(b)  Six  to  twelv  ■ i ours  after  the  instillation  of  a few  drops  of  a 
solution  of  atropine  into  the  eye  the  lids  become  swollen  and  brawny 
and  the  conjunctiva  injected.  There  are  excessive  lacrymation,  a sen- 
sation of  heat,  and  much  irritation.  Hyoscyamine,  duboisine,  and 
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homatropine  sometimes  produce  this  disturbance  also,  but  in  less 
degiee.  The  effect  is  believed  to  be  due  to  idiosyncrasy. 

The  treatment  of  the  first  form  consists  in  discontinuing  the  atro- 
pine, or  using  sterile  solutions,  cleansing  the  eye  frequently  with  a 
saturated  solution  of  boric  acid,  and  using  suitable  astringents.  Of 
the  second  form,  in  discontinuing  the  use  of  the  atropine. 

Eserine  solutions  sometimes  cause  irritation  of  the  conjunctiva 

Chrysarobin,  used  in  the  form  of  an  ointment  on  the  skin  in 
psoriasis,  may  produce  intense  irritation  of  the  conjunctiva.  Calomel, 
if  dusted  on  the  conjunctiva  when  the  patient  is  taking  an  iodide’ 
results  m local  ulceration  and  marked  irritation  of  the  conjunctiva 

Cocaine  when  applied  to  the  conjunctiva  produces  at  first  a contrac- 
tion of  the  bloodvessels,  but  as  its  effect  wears  away  there  is  an  en- 
gorgement of  the  vessels  which  stimulates  and  irritates  the  conjunc- 
tiva, producing  a mild  form  of  conjunctivitis. 

The  bites.  of  insects  commonly  occur  on  the  lids,  and  the  affection 
of  the  conjunctiva,  which  sometimes  becomes  greatly  cedematous, 
is  due  to  extension  of  the  irritation. 

Treatment.  All  of  these  forms  of  conjunctival  irritation  subside 
in  a few  days  if  the  cause  is  removed  and  simple  cleanliness  observed. 

Ophthalmia  Nodosa  This  condition  is  due  to  the  presence  of  cater- 
pillar hairs  on  the  conjunctiva.  The  affection  may  extend  to  the 
cornea,  and  even  to  the  iris.  The  nodules  are  yellowish,  semitrans- 
lucent  and  have  been  compared  to  tubercles.  On  excising  the 
nodules  and  examining  them  under  the  microscope  Kigenstacher 
found  the  hairs  of  caterpillars. 

Abscess  of  the  conjunctiva  is  of  rare  occurrence.  It  forms  in  the 
subconjunctival  tissue  and  is  almost  always  traumatic. 

Treatment  should  be  that  as  of  abscesses  i 1 other  parts  of  the  bodv. 

Ecchymosis  of  the  conjunctiva  is  due  to  the  escape  of  blood 
beneath  the  conjunctiva  from  whatever  cause.  It  produces  bright- 
or  dark-red  patches,  and  may  affect  all  but  the  tarsal  conjunctiva. 

Treatment.  The  blood  becomes  absorbed  slowly.  Bathing  with 
hot  solutions  hastens  absorption 

Chemosis.  This  is  a condition  characterized  by  swelling  and 
thickening  of  the  ocular  conjunctiva;  the  swelling  at  the  corneal 
margin  forming  a raised  wall,  producing  a shallow  circular  pit  of 
which  the  cornea  forms  the  door. 

Pathology.  Chemos.s  ‘.s  more  than  simple  oedema  in  many  cases. 
Particularly  is  this  so  when  the  chemosis  is  the  result  of  a slow* inflam- 
mation of  the  cornea,  iris,  ciliary  body,  and  choroid.  Sections  of 
chemotic  tissue  in  acute  cases  show  little  but  a distention  of  the  con- 
junctival tissue  by  serous  or  seroplastic  infiltration ; but  in  the  sub- 
acute or  chronic  forms  there  are  a dense  infiltration  of  small  cells  and 
an  increase  in  connective-tissue  elements  and  in  the  size  and  number 
of  the  bloodvessels. 

F.mphysema  of  the  conjunctiva  is  characterized  by  puffiness  of 
t ie  conjunctiva,  with  little  injection,  and  usually  with  the  appearance 
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of  small  circular  pale  points  just  beneath  the  conjunctiva,  which  indi- 
cate the  presence  of  air  in  the  tissue.  On  pressing  the  conjunctiva, 
there  is  a faint  crepitation,  and  the  circular  points  change  their  posi- 
tion. The  condition  is  due  to  the  entrance  of  air  into  the  subcon- 
junctival tissue  as  a result  of  traumatism,  the  injury  that  most  fre- 
quently produces  it  being  fracture  of  the  lacrymal  bone.  On  blow- 
ing the  nose  violently,  air  sometimes  finds  its  way  into  the  orbital 
and  subconjunctival  tissues,  causing  them  to  puff  up. 

Treatment.  The  air  in  the  tissues  disappears  by  absorption  in 
a few  days. 

Injuries  to  the  Conjunctiva.  It  frequently  happens  that  foreign 
bodies  enter  the  conjunctival  sacs.  These  impinge  first  upon  the 
globe,  and  are  then  brushed  downward  by  the  upper  lid.  They  may 
remain  in  the  lower  conjunctival  pouch,  but  often  are  caught  on 
the  tarsal  conjunctiva  of  the  upper  lid,  from  which  they  may  be  re- 
moved on  everting  the  lid.  When  lodged  on  the  conjunctiva  of  the 
upper  lid,  they  are  found  most  commonly  in  the  shallow  groove  which 
lies  immediately  above  the  inner  angle  of  the  margin  of  the  lid  (sulcus 
marginalis  or  sulcus  tarsalis).  Rarely  the  foreign  body  lodges  in  the 
retrotarsal  fold.  Slight  pressure  backward  on  the  globe  after  the  lid 
is  everted  will  serve  to  expose  this  fold,  when  the  foreign  body  may  be 
removed.  Bits  of  steel  are  sometimes  imbedded  in  the  conjunctiva ; 
they  may  be  removed  by  the  ordinary  surgical  procedures.  Grams 
of  powder  that  are  deeply  imbedded  need  not  be  disturbed,  as  they 
produce  no  irritation  after  the  wound  made  by  their  entrance  has 

healed.  ... 

Wounds.  These  may  be  associated  with  extensive  injuries  to  orb  t 
and  lids,  or  may  be  simple  lacerations.  Under  favorable  circum- 
stances they  may  be  cleansed  and  the  margins  of  the  wounds  ap- 
proximated by  sutures. 

Burns  are  occasioned  by  the  entrance  of  flame,  glowing  wood  or 
metal,  powder,  ashes,  steam,  hot  water,  molten  meta.  soids,  alkalies, 
nitrate  of  silver,  and  other  substances. 

Treatment.  When  the  burn  is  occasioned  by  thermal  agencies  alone, 
the  treatment  should  be  by  means  of  bland  oils  or  vaseline,  to  be 
placed  in  the  conjunctival  sac  every  two  or  tnree  hours.  If  molten 
metal  has  entered  the  eye,  all  of  the  particles  should  be  removed  as 
early  as  possible,  and  treatment  instituted  as  above  outlined. 

Burrs  from  acids,  if  fecent,  should  oe  treated  by  means  of  a weak 
alkaline  solution  (bicarbonate  o**  sodium,  sodium  hydroxide,  or  very 
dilute  ammonia) ; subsequently  the  conjunctiva  may  be  well  washed 
with  water,  and  the  oils  then  employed. 

Burns  from  lime  and  ammonia  should  be  treated  by  first  removing 
all  particles  of  lime  or  mortar  by  means  of  forceps  or  cotton  pledgets, 
then  by  washing  thoroughly  with  oil,  and  subsequently  dropping  in 
simple  syrup  mado  fiom  cane  sugar,  as  this  forms  an  insoluble  com- 
bination^ with  lime.  Oil  or  vaseline,  medicated  with  boric  acid 
(5  per  cent.),  may  then  be  used  until  healing  takes  place. 
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Fig. 137. 


Burns  from  lime  and  ammonia  produce  a pale  condition  of  the 
conjunctiva,  and  usually  a white  eschar  where  the  caustic  has  come 
in  direct  contact  with  the  tissue,  or  where  the  effect  has  been  con- 
centrated the  cornea  may  be  slightly  hazy.  The  prognosis  is  usually 
worse  than  is  at  first  supposed. 

The  result  to  be  feared  in  burns  of  the  conjunctiva  is  symblepharon. 
To  prevent  this,  the  surfaces  should  be  separated  daily  by  means  of  a 
probe,  and  oil  interposed.  If  the  burn  is  extensive,  a pledget  of 
gauze  or  pad  of  cotton  dipped  in  oil  may  be  kept  between  the 
opposing  burned  surfaces. 

Argyria  (Argyrosis)  Conjunctive.  Long-continued  use  of  nitrate 
of  silver  on  the  conjunctiva  produces  a discoloration  of  the  mucous 
membrane,  due  to  the  deposition  of  the  carbonate  or  albuminate 
of  silver  in  the  tissue  of  the  conjunctiva  (elastic  fibres,  Fuchs). 
The  stain  varies  in  color  from  a light  ochre  to  a very  dark  brown. 
It  is  indelible.  A solution  of  hyposulphite  of  sodium  or  of  potas- 
sium iodide  in  the  strength  of  1 : 10  in  water  has  been  suggested  for 
its  removal. 

Pinguecula.  In  many  individuals  who  have  been  exposed  to 
dust  or  high  winds  there  appears  in  the  ocular  conjunctiva,  on 
the  nasal  side  of  the  cornea,  later  on  the  temporal  side,  both 
in  the  horizontal  meridian,  a yellowish  elevation  measuring  two 

or  three  millimetres  in  diameter. 
This  tumor  is  at  first  movable  on 
the  sclera.  It  consists  in  a thicken- 
ing of  the  conjunctiva,  particularly 
in  an  increase  of  the  elastic  fibres, 
and  the  deposition  of  numerous 
minute  hy aline  particles.  The  yel- 
low elastic  tissue  and  the  hyaline 
bodies  give  it  the  yellow  color.  If 
the  tumor  causes  annoyance  by  its 
appearance  or  by  becoming  in- 
flamed, it  may  be  removed  by  ex- 
cision. 

Pterygium.  Pterygia  may  be 
classed  as  regular  and  irregular. 
The  regular  form  of  pterygium  con- 
sists in  a triangular  fold  of  mucous 
membrane  occurring  on  the  ocular 
conjunctiva  in  the  horizontal  me- 
ridian, its  base  being  at  the  can  thus, 
its  apex  at  the  margin  of  or  on  the 
cornea.  (Fig.  137.)  The  blood- 
vessels ente : at  the  base,  diminish  in  size,  and  converge  at  the  apex. 
Pterygium  occurs  in  individuals  of  middle  and  advanced  life,  most 
frequently  developing  on  the  nasal  side  of  the  cornea;  it  may  also 
appear  on  the  temporal  side.  Pterygia  may  be  either  progressive  or 


Pterygium.  A sound,  S,  is  carried  Kneath 
the  edge  of  the  pterygium,  P The  dotted 
line  shows  the  way  in  which  ihc  section  is 
made  in  removing  the  pter>giam.  C.  Car- 
uncle. The  adjacent  pli-'a  semilunaris  has 
been  flattened  out  hy  4 ho  tensive  force  of  the 
pterygium,  and  is  hence  invisible.  P.  Upper 
punctum  lacryma.-'.  (Fuchs.) 
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stationary.  In  progressive  pterygium  the  fold  of  mucous  membrane 
has  a fleshy  appearance  and  its  vessels  are  pronounced.  The  apex  of 
the  growth  is  preceded  by  a grayish  zone,  one  to  one  and  one-half 
millimetres  wide,  which  is  very  slightly  raised  at  the  margin  of  the 
apex  of  the  growth.  In  non-progressive  pterygium  the  growth  is  pale 
and  flat,  and  the  grayish  zone  is  narrow,  and  is  flat  or  slightly  shrunken, 
appearing  like  a cicatrix. 

Pterygium  may  advance  until  it  passes  the  pupil;  it  may  stop  at 
any  point  on  the  cornea  short  of  this. 

Irregular  or  pseudopterygium  is  the  result  of  burns  or  ulcers  of 
the  cornea.  They  have  the  same  general  shape  as  the  regular  pterygia, 
but  the  apex  is  often  very  irregular  in  contour,  taking  on  the  shape 
of  the  margin  of  the  ulcer  farthest  removed  from  the  limbus  of  the 
conjunctiva.  The  conjunctiva  at  the  margin  of  the  cornea  corre- 
sponding to  the  ulcer  becomes  swollen,  and  a fold  of  chemotic  con- 
junctiva becomes  agglutinated  to  the  floor  of  the  ulcer.  As  the  ulcer 
closes  and  cicatricial  tissue  forms,  the  mucous  membrane  is  drawn 
onto  the  cornea,  at  the  same  time  becoming  hypertrophied.  The 
pterygium  never  progresses  beyond  the  cicatricial  floor  of  the  ulcer. 

Regular  pterygia  are  undoubtedly  due  to  irritation  of  the  con- 
junctiva in  its  most  exposed  part,  corresponding  with  the  palpe- 
bral fissure,  by  particles  of  dust  and  various  minute  bodies  that 
impinge  on  the  ocular  conjunctiva.  This  irritation  results  first  in 
the  formation  of  pinguecula ; extending,  it  produces  the  pterygium. 

Pterygium  is  prone  to  become  inflamed  because  of  the  lodgement 
of  noxious  germs  or  irritating  particles  in  the  folds  of  the  mucjuj 
membrane.  These  inflammations  may  lead  to  ulcer  of  the  conjunc- 
tiva, ulcer  of  the  cornea,  and  serious  damage  to  vision. 

Diagnosis.  Pterygium  cannot  well  be  mistaken  for  anything  else. 

Treatment.  The  cautery  may  be  used  to  destroy  the  head  of  the 
growth,  or  to  cut  off  its  nutrition  by  making  one  or  two  deep  grooves 
across  the  neck  of  the  pterygium. 

The  operative  procedures  resorted  to  most  frequently  are  excision, 
transplantation,  and  strangulation. 

Excision.  The  neck  of  the  pterygium  is  grasped  by  the  fixation 
forceps  and  pierced  close  to  the  lfmbus  by  a sharp  cataract  knife, 
the  knife  passing  just  below  the  tissue  or  the  pterygium  and  parallel 
with  its  surface,  the  edge  of  the  knife  being  directed  toward  the  cor- 
nea. By  a to-and-fro  motion  the  knife  is  made  to  pass  beneath  the 
head  of  the  pterygium,  dissecting  ;t  from  the  cornea.  Instead  of  this 
procedure,  a thin  strabismus  hook  may  be  passed  through  the  in- 
cision made  beneath  the  neck  of  the  pterygium  (Prince's  method), 
and  the  head  of  the  pterygium  torn  from  the  cornea.  The  body 
of  the  pterygium  is  now  aissected  from  the  underlying  tissues  for 
a distance  of  three  co  six  millimetres,  and  a diamond-shaped  piece 
excised,  the  inner  ‘ipex  lying  at  the  caruncle.  The  conjunctiva  is 
now  loosened  fro  n the  underlying  tissues  above  and  below,  and  the 
edges  brought  together  by  sutures,  covering  the  defect  as  far  as  the 
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margin  of  the  cornea.  The  corneal  defect  becomes  covered  with 
epithelium  in  a few  days  and  healing  progresses  satisfactorily,  leaving 
some  opacity. 

Transplantation  (Knapp).  Instead  of  excising  the  pterygium 
after  having  dissected  the  growth  toward  the  caruncle,  the  corneal 
tissue  may  be  removed  from  its  head  and  a suture  passed  through 
the  apex  of  the  pterygium.  A straight  incision  may  now  be  made 
in  the  lower  bulbar  conjunctiva,  extending  from  the  margin  of  the 
wound  about  four  millimetres  from  the  cornea,  downward,  and  slightly 
outward,  toward  the  fornix,  sufficiently  long  to  accommodate  the 
free  part  of  the  pterygium.  The  suture  through  the  apex  of  the 
pterygium  is  now  passed  through  the  conjunctiva  at  the  apex  of  the 
last  incision,  and  the  head  of  the  pterygium  drawn  into  the  space 
and  there  fixed.  This  directs  the  tissue  of  the  pterygium  into  the 
lower  fornix.  All  defects  other  than  the  corneal  are  nowT  covered 
by  suturing  the  edges  of  the  conjunctiva.  Instead  of  transplanting 
all  of  the  pterygium  below,  the  body  of  the  pterygium  may  be  split 
— one-half  may  be  transplanted  below,  one-half  above. 

Strangulation.  The  neck  of  the  pterygium  is  grasped  by  the 
fixation  forceps  and  slightly  raised.  A suture  with  a needle  near 
both  ends  is  employed,  one  needle  passing  upward  beneath  the  neck 
of  the  pterygium  at  the  corneal  margin,  the  other  needle  oassing 
upward  beneath  the  neck  of  the  pterygium  three  millimetres  from 
the  corneal  margin.  The  ends  of  the  suture  are  not  drawn  through, 
but  the  loop  holding  each  needle  is  cut,  liberating  the  needles  and 
forming  three  sutures.  The  suture  at  the  cornea  i margin  is  tied 
tightly  over  the  neck  of  the  pterygium,  as  is  also  the  suture  nearest 
to  the  caruncle.  The  middle  suture  enciro^s  tne  base  of  that  por- 
tion of  the  pterygium  lying  between  the  tvo  end  sutures.  The 
middle  suture  is  now  tied,  producing  strangulation  of  a section  of 
the  pterygium.  The  sutures  are  peirmtced  to  remain  until  they 
come  away  spontaneously.  Deprived  of  nutrition,  the  head  of  the 
pterygium  atrophies  and  disappears,  leaving  only  an  opacity. 

Recurrences.  These  are  not  infrequent  after  removal  by  excision, 
but  are  very  infrequent  after  tAansplantation  and  strangulation. 

Lymphangiectasis  consists  in  dilatation  of  some  of  the  lymph 
channels  of  the  ocular  conjunctiva.  It  appears  as  slightly  elevated, 
transparent  vesicles,  usually  associated  in  chains,  very  superficially 
situated  in  the  outer  or  inner  half  of  the  bulbar  conjunctiva.  The 
vesicles  are  irregular  in  shape  and  vary  in  size,  seldom  exceeding  a 
diameter  of  three  millimetres.  The  vesicles  may  be  readily  moved 
over  the  underlying  tissue.  They  produce  no  irritation  and  are  not 
a source  of  pain.  The  vesicles  are  due  to  interference  with  the  lymph 
stream  by  obstruction.  Elderly  individuals  are  more  frequently 
affected. 

'^rtatment.  The  vesicles  may  be  excised,  or  they  may  be  very 
satisfactorily  destroyed  by  means  of  the  fine  galvanocautery  point. 
Tiemoval  is  necessary  only  for  cosmetic  purposes. 
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Vascular  growths  in  the  conjunctiva  are  seldom  primary,  but  are 
commonly  extensions  from  the  tissues  of  the  lids.  They  appear  as 
arterial  growths,  when  they  are  of  a bright-red  color,  slightly  ele- 
vated; as  venous  growths  (cavernous  angioma),  located  deep  in  the 
conjunctiva,  dark  purple  in  color;  or  as  telangiectatic  growths 
bright-red  patches  in  the  conjunctiva.  All  these  conditions  may  be 
present  in  the  same  growth.  Vascular  growths  are  congenital.  They 
tend  to  increase  in  size.  Early  removal  is  advisable.  (See  Removal 
of  Vascular  Tissues  of  the  Lids.) 

Polypi.  The  occurrence  of  polypi  on  the  conjunctiva  is  probably 
always  associated  with  ulcerative  processes  of  a more  or  less  chronic 
nature  in  the  conjunctiva.  Wounds  of  the  conjunctiva  that  do  not 
properly  close,  syphilitic  or  tubercular  ulcers,  sinuses  from  chalazia 
opening  onto  the  conjunctival  surface,  sinuses  from  areas  of  orbital 
necrosis,  all  give  rise  to  the  development  of  polypi.  The  irritation 
from  wearing  an  artificial  eye  may  result  in  the  development  of 
polypi. 

Pathology.  Polypi  of  the  conjunctiva  are  composed  of  myxomatous 
tissue  with  more  or  less  small -cell  infiltration,  according  to  the  degree 
of  irritation. 

Treatment.  Removal  and  correction  of  the  conditions  favoring 
their  formation. 

Benign  Tumors.  Those  that  develop  primarily  in  the  conjunc- 
tiva are  adenoma,  fibroma,  granuloma,  lipoma,  myxoma,  osteoma, 
papilloma,  simple  cystic  tumors,  and  those  due  to  cysticerci  and 
echinococci. 

Adenoma  occurs  rarely  as  an  extension  from  the  tarsus  or  as  a 
development  from  lacrymal  glandular  tissue,  or  from  the  cai’incle. 

Fibromata  are  usually  the  result  of  chronic  conjunctivitis,  par- 
ticularly of  vernal  catarrh. 

Granuloma  develops  from  the  base  of  an  ulcer  and  from,  wounds. 

Lipoma  occurs  in  the  fornix  in  the  shape  of  a soft  yellowish  mass. 

Myxoma.  The  most  common  form  is  polypua. 

Osteoma  is  of  extremely  rare  occurrence,  tSeo  Congenital  Con- 
ditions.) 

Papilloma.  Tumors  of  this  nature  exist  ae  small  multiple  papillae, 
forming  soft,  pale-pink,  villous  masse.'  They  may  develop  from 
any  part  of  the  ocular  or  palpebral  conjunctiva,  but  are  seen  most 
commonly  on  or  near  the  caruncle.  Papilloma  is  not  infrequently 
mistaken  for  granulation  tissue  To  avoid  recurrence,  removal  should 
be  thorough. 

Simple  cystic  tumors  apoear  in  the  palpebral  conjunctiva  after 
chronic  conjunctivitis,  after  plastic  operations  on  the  conjunctiva, 
and  after  operations  on  tne  ocular  muscles.  They  usually  form  as 
a result  of  the  invagination  of  epithelium.  The  treatment  is  excision. 

Cysts  due  to  entr  zoa  are  very  rare.  Cysticercus  cysts  are  large. 
If  the  walls  are  thin,  the  head  is  visible  as  a white  spot  at  some  part 
of  the  cyst,  they  are  easily  removed  by  splitting  the  conjunctiva 


over  the  cyst  and  turning  the  cyst  with  its  thin  capsule  of  connective 
tissue  out  of  the  wound. 

Echinococcus  cysts  are  large.  They  develop  slowly,  and  may 
extend  into  the  orbit  and  produce  marked  exophthalmos.  Daughter 
cysts  and  booklets  may  be  found  as  part  of  the  contents  of  the  cyst. 

Malignant  Tumors.  Epithelioma  and  sarcoma  are  the  most 
common.  Russell  describes  a rare  growth  known  as  cylindroma. 
It  is  probably  a form  of  sarcoma. 

Epithelioma  affecting  the  conjunctiva  is  much  more  frequently 
secondary ; that  is,  an  extension  of  a growth  originating  in  the  lids. 
When  it  is  primary  it  springs  from  the  limbus  and  extends  onto 
the  cornea.  It  is  of  slow  growth,  appearing  as  a slightly  raised 
patch  with  a roughened  grayish  surface. 

Sarcoma , primary  in  the  conjunctiva,  is  almost  always  pigmented. 
It  occurs  where  pigment  is  often  normally  present,  as  at  the  limbus, 
where  it  is  more  frequently  met  with,  and  in  the  conjunctiva  of  the 
lids.  It  has  been  observed  at  the  caruncle.  Sarcoma  of  the  con- 
junctiva may  remain  quiescent  for  years,  suddenly  taking  on  activity 
and  terminating  fatally  in  a short  time.  Metastasis  to  the  pre- 
auricular  and  cervical  glands  and  to  remote  parts  of  the  body  may 
occur. 

Treatment.  Complete  excision  is  the  only  treatment  that  is  of 
value. 

Lupus  erythematosus,  when  it  affects  the  conjunctiva,  appears 
as  small  irregular  plaques  covered  with  grayish  masses  of  exudation 
and  superficial  cicatrices,  sometimes  with  punctate  excoriations. 
Lupus  erythematosus  of  the  face  accompanies  the  conjunctival  affec- 
tion. The  disease  progresses  slowly,  and  is  accompanied  by  slight 
irritation  and  increased  lacrymation. 

Etiology  is  not  well  understood.  Whei.  disease  of  the  face  accom- 
panies that  of  the  conjunctiva  the  diagnosis  is  readily  made. 

Treatment  is  of  no  avail. 

Acne  of  the  Conjunctiva.  Th;o  condition  sometimes  accompanies 
acne  nodosum  of  the  face.  The  ocular  conjunctiva  usually  is  affected. 
The  condition  resembles  phlyctenular  conjunctivitis  closely. 

Affections  of  the  Canine  le  and  Semilunar  Fold.  Inflammation  of 
the  caruncle  may  be  cue  to  infection  of  one  of  the  glands  of  the 
caruncle,  resulting  in  the  formation  of  an  abscess.  The  abscess  may 
be  incised,  or  it  may  be  permitted  to  open  spontaneously,  when  it 
will  readily  heal.  "I 'he  hairs  of  the  caruncle  may  become  a source  of 
irritation.  Epilation  or  extirpation  is  the  remedy. 

Papillorha  may  develop  on  the  caruncle,  where  it  presents  the 
same  cha^acieristics  as  when  it  appears  on  other  parts  of  the  con- 
junctiva. Congenital  telangiectatic  growths  may  appear  in  the 
caruncle. 

Evcanthus  is  a term  applied  to  any  enlargement  of  the  caruncle. 
In  all  forms  of  conjunctivitis  there  is  enlargement  of  the  caruncle, 
which  disappears  as  the  inflammation  of  the  conjunctiva  subsides. 
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Cystic  enlargement  is  sometimes  observed.  Chalky  deposits  may 
occur  in  the  glands  of  the  caruncle,  causing  enlargement.  Adenoma 
may  develop.  When  the  enlargement  is  due  to  development  of  sar- 
coma or  epithelioma,  the  term  eucanthus  maligna  is  applied. 

Treatment  in  all  cases  of  enlargement  from  the  development  of 
new-growths  should  be  excision. 

Symblepharon.  Cicatricial  union  of  the  palpebral  to  the  bulbar 
conjunctiva  is  termed  symblepharon.  It  occurs  after  burns,  injuries, 
and  some  operative  procedures,  and  as  the  result  of  purulent  con- 
junctivitis, pemphigus,  and  trachoma.  The  bands  of  cicatricial 
tissue  may  extend  to  the  cornea.  Should  the  union  between  the 
lids  and  globe  be  complete,  the  condition  is  termed  symblepharon 
totale.  If  the  union  extends  from  the  bottom  of  the  fornix,  partially 
uniting  the  lid  to  the  globe,  it  is  termed  symblepharon  posterius. 
When  the  union  of  the  lid  to  the  eyeball  is  such  that  the  cicatricial 
band  does  not  extend  to  the  bottom  of  the  fornix,  the  condition  is 
termed  symblepharon  anterius 

The  treatment  of  symblepharon  is  surgical.  In  symblepharon 
anterius,  carefully  dissect  the  lid  from  the  eyeball,  and,  if  the  adhesion 
is  not  extensive,  the  surfaces  may  be  separated  daily  until  cicatri- 
zation has  taken  place ; a pledget  of  cotton  soaked  with  olive  oil 
may  be  interposed  between  the  raw  surfaces  and  permitted  to  remain 
until  healing  occurs.  The  bridge  of  tissue  may  be  ligated  and  the 
ligature  allowed  to  slough  through. 

In  extensive  anterior  symblepharon,  the  defect  in  the  bulbar 
conjunctiva  may  be  covered  by  dissecting  the  conjunctiva  at  the 
border  of  the  defect  from  the  underlying  tissue,  making  sliding  flap  3 
from  both  sides  and  uniting  the  margins  of  the  conjunctiva  over  the 
defect  in  the  ocular  conjunctiva.  With  an  epithelial  surface  opposed 
to  the  defect  in  the  conjunctiva  of  the  lid  the  defect  in  the  lid  will 
cicatrize  without  adherence  to  the  globe. 

Plastic  operations  of  various  kinds  have  been  arKocAed  tor  cor- 
recting symblepharon  posterius  and  totalis;  but  none  01  them  is  per- 
fectly satisfactory.  After  the  lids  have,  been  dissected  from  the 
globe  a flap  of  conjunctiva  from  a rabbit  s eye  may  be  conveyed, 
with  antiseptic  precautions,  to  the  defect  and  made  to  cover  it, 
being  stitched  into  place.  A Thiersch  graft  may  be  made  to  cover 
the  defect,  or  a thin  skin  flap  (Wolffe’s  flap)  may  be  employed.  .After 
the  flap  is  in  position  a shell  of  glass,  lead,  celluloid,  or  some  similar 
substance  should  be  so  placed  cs  to  hold  the  flap  in  position  until 
healing  has  taken  place. 

CORNEA. 

Anatomy.  The  cornea  forms  the  anterior  part  of  the  fibrous  coat 
of  the  eye.  It  is  in  form  a horizontal  ellipse,  measuring  11  mm.  m 
its  vertical  and  2 mm.  in  its  horizontal  meridians.  At  the  periphery 
the  cornea  Is  1 mm.  in  thickness,  but  at  the  centre  it  is  slightly 
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thinner.  The  radius  of  curvature  of  the  anterior  surface  of  the  cornea 
is  variously  estimated  at  7.5  mm.  to  8 mm.  Since  the  radius  of 
curvature  of  the  scleral  portion  of  the  globe  is  12  mm.,  it  will  be 
readily  seen  that  the  cornea  is  more  sharply  curved  than  the  sclera. 
A slight  annular  depression  is  found  at  the  anterior  margin  of  the 
sclera — the  union  of  the  cornea  with  the  sclera — known  as  the  sulcus 


Fig.  138. 


Sectional  view  of  cornea.  (Schaefer.) 


sclerce.  Although  oval  in  form  anteriorly,  posteriorly  the  cornea  is 
circular.  The  sclera  overlaps  the  corneal  tissue  externally,  the  over- 
lapping 1 eing  greatest  above  and  below.  The  cornea  is  composed  of 
five  layers  (Fig.  138) : 

' fhe  epithelial  layer,  which  is  stratified ; the  superficial  layer  of 
?eus  is  composed  of  tessellated  or  pavement  epithelium.  The  cells 
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of  the  middle  layer  are  irregularly  cuboidal  in  form,  and  are  supplied 
with  numerous  fine  processes  (“prickle  cells”)  which  interlace  with 
the  processes  of  the  adjoining  cells.  The  cells  of  the  deep  or  base- 
ment layer  are  columnar  or  cylindrical  in  shape,  are  somewhat 
irregular  in  length,  and  are  placed  on  a basement  membrane.  All 
of  the  cells  of  the  cornea  are  supplied  with  nuclei.  Regeneration 

of  cells  takes  place  from  all  the  layers. 

2.  The  second  layer  is  a thin  membrane,  and  is  known  as  bowman  s 

membrane.  (Fig.  139.)  , a , • . m 

3  The  third  layer  is  the  thickest  layer  of  the  five,  and  is  known 
as  the  substantia  propria.  It  consists  of  numerous  bundles  of  con- 
nective-tissue fibres  associated  in  thin  layers— lamellae.  The  lamellae 
are  arranged  parallel  to  the  surface  of  the  cornea  They  are  joined 
by  connective-tissue  fibres  which  pass  from  one  lamella  to  another. 
The  connecting  fibres  are  so  numerous  in  the  anterior  part  of  the 
substantia  propria  that  they  are  given  the  name  of  fibrce  arcuatce. 

Fig.  139. 


Anterior  epithelial  layer  of  cornea.  (Quain.) 


Lying  between  the  bundles  and  lamellae  are  small  spaces  Jmown  M 
lacunae,  and,  uniting  these,  numerous  small  canals  know,.  ** 

These  lacunae  and  canaliculi  together  form  the  canalicular  ljrnph 
system  of  Recklinghausen.  In  each  lacuna  a blanching  cell is  fou 
whose  protoplasmic  processes  extend  along  the  canaliculi,  anas 
mosing  with  those  of  adjacent  cells.  Th>se  cells  are  known  as  the 
fixed  cells  of  the  cornea,  in  contradistinction  to  the  leucocytes,  wh  c : , 
byamoebic  movements,  penetrate  to  every  part  of  the  cornea,  and 
are  known  as  the  migratory  cells  of  the  cornea. 

4 The  fourth  layer  of  the  cornea  is  a thin  homogeneous  me  - 
brane  known  as  Descemet’s  membrane,  which  possesses  ch«nica1 
properties  that  serve  to  distinguish  it  from  Rowman  s mem  ra 
Ranvier  is  of  the  opinion  vhat  this  corneal  membrane  is  the  Product 
of  the  endothelial  cells  of  tl  e cornea  which  rest  upon  it  The  mem 
brane  of  Descemet  breaks  up  into  numerous  fibres  at  the  periphery 
of  the  cornea  forming  the  ligamentum  pectinatum. 

5 This  layev  consists  of  a single  layer  of  polygonal  cells  of  the 
■endothelial  war  oty  which  lose  their  peculiarities  at  the  ligamentum 
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pectinatum,  passing  over  into  cells  that  are  much  thinner  and  that 
cover  the  fibres  of  this  ligament. 

Nerves.  These  are  derived  from  the  ciliary  plexus  formed  by  the 
long  and  short  ciliary  nerves.  (Fig.  140.)  They  pass  through  the 
sclera  on  the  outer  side  of  Schlemm’s  canal  and  form  a network, 
the  plexus  annularis,  in  the  vicinity  of  the  margin  of  the  cornea! 
I*rom  this  plexus  two  sets  of  twigs  are  given  off,  one  set  passing  to 
the  conjunctiva,  where  they  join  the  conjunctival  nerves  and  form 
a plexus.  From  this  plexus  a number  of  nerve  trunks  are  given 
off,  which  enter  the  cornea  anil  supply  the  anterior  layers  of  that 
structure.  The  second  set  of  twigs  pass  directly  to  the  substantia 
propria  cornese,  entering  it  near  Descemet’s  membrane. 

Fig.  140. 


Radial  fibres  which  leave  the  nerve  trunks  at  the  nodes  of  Ranvier 
pass  to  Bowman’s  membrane,  which  they  pierce  and  form  a plexus 
the  subepithehal  plexus,  from  which  terminal  fi brill®  are  derived,’ 
which  end  in  the  epithelial  kjer  in  nerve  plates,  peculiar  convolu- 
tions, bulbs,  hooks,  and  free  ends. 

Bloodvessels  do  not  occur  in  the  cornea,  except  at  the  limbus, 
where  the  episcleral  bloodvessels  end  in  a circle  of  looped  capillaries! 


Diseases  of  the  Cornea. 

Diseases  oi  the  cornea  are  included  under  the  general  term  keratitis. 
They  may  be  considered  under  two  headings — suppurative  and  non- 
suppurative. 

Histological  Considerations.  Regeneration  of  Corneal  Tissue.  It 

is  at  present  conceded  that  the  regeneration  of  corneal  tissue  proceeds 
irom  cells  that  migrate  into  the  corneal  tissue  and  form  the  mixed 
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cells  of  the  cornea.  When  regression  of  a corneal  ulcer  has  com- 
menced, formative  elements  are  found  at  the  edge  of  the  ulcer  which 
gradually  develop  into  connective-tissue  fibres ; this  process  con- 
tinues until  the  defect  in  the  cornea  is  filled  up  by  the  new  tissue. 
The  new  fibres  are  not  arranged  in  lamellae,  nor  are  they  disposed 
parallel  to  the  surface  of  the  cornea.  This  irregularity  of  the  dis- 
position of  the  fibres  causes  a loss  in  transparency;  the  tissue  so 
formed  is  opaque.  In  the  healing  of  an  ulcer  the  surface  becomes 
covered  with  epithelium  before  the  defect  has  been  filled  up  by  the 
deposition  of  the  new  fibres.  The  development  of  new-formed  tissue 
continues  until  eventually  the  epithelial  layer  is  raised  to  its  normal 
height.  In  a certain  proportion  of  cases  complete  filling  of  the  defect 
does  not  take  place.  The  area  involved  in  the  ulcerative  process 
in  these  cases  is  often  flat,  forming  what  are  known  as  facets.  Bow- 
man’s membrane  is  never  regenerated.  Accompanying  ulceration 
of  the  cornea,  if  the  process  is  at  all  widespread,  and  in  some  cases 
where  the  tissue  affected  is  not  extensive  (the  invasion  not  deep), 
irritation  of  the  iris  is  produced  sufficient  to  bring  about  an  exuda- 
tion of  lymphoid  cells  and  of  the  coagulable  portions  of  the  blood 
into  the  anterior  chamber.  This  exudate  constitutes  what  is  known 
as  hypopyon. 

Suppurative  Forms  of  Keratitis. 

Eczematous  Keratitis  (Phlyctenular  Keratitis;  Scrofulous  Kera- 
titis; Lymphatic  Keratitis).  The  etiology  and  pathology,  except  m 
regard  to  the  affection  of  the  tissues  of  the  cornea,  are  the  same  as 
in  eczematous  conjunctivitis.  The  disease  is  met  with  n.°st  ue- 
quently  in  children  between  the  ages  of  two  and  twelve  veers,  but 
may  appear  in  individuals  up  to  the  age  of  forty  years.  In  many 
of  the  patients  with  eczematous  (phlyctenular)  keratites  obstructive 
rhinitis  and  adenoid  tissue  in  the  vault  of  the  pharynx  are  found. 

Symptoms.  Severe  irritation,  as  of  a foreign  body  in  the  eye; 
pain  of  a neuralgic  type,  often  extending  to  the  orbit  and  temple, 
profuse  lacrymation ; photophobia,  which  is  off  en  intense,  causing 
clonic  blepharospasm  in  the  milder  cases  an  I tonic  blepharospasm 
in  severe  cases.  In  some  cases  the  photophobia  is  so  intense  that 
the  patient  cannot  be  induced  to  open  the  eyes,  even  in  a moder- 
ately lighted  room,  but  avoids  the  light  in  every  possible  way.  The 
intense  photophobia  is  due  to  irritation  of  the  terminal  sensory 
nerve  filaments,  which  are  so  richly  supplied,  to  the  corneal  epithelium. 
(Fig.  141.)  On  forcibly  separating  the  lids,  there  is  often  a gush  of 
lacrymal  fluid  mixed  with  flakes  of  mucus.  There  is  hypersemia 
of  the  ocular  conjunctiva,  particularly  in  the  vicinity  of  the  phlyc- 
tenule The  vesicles  may  be  single  or  multiple.  They  may  form 
at  the  margin  of  the  cornea  only,  may  be  distributed  over  the  surface 
of  the  cornea,  01  may  produce  peculiar  figures.  The  phlyctenule 
develops  at  in  the  conjunctiva,  the  apex  softens  and  disappears, 
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and  an  ulcer  results.  The  ulcer  in  many  cases  involves  the  super- 
ficial lamellae  of  the  cornea  and  leaves  a faint  opacity  when  it  heals, 
due  to  the  presence  of  a thin  layer  of  cicatricial  tissue. 


Fig.  141. 


n 

Efflorescence  on  the  cornea  in  conjunctivitis  eczematosa.  The  nodule,  which  consists  of  cells  lies 
between  Bowman’s  membrane,  B,  and  the  epithelium,  E . which  latter  is  thus  raised  so  as  to  form  a 
prominence.  In  the  epithelium  we  distinguish  the  lowermost  layer  of  cylindrical  cells,  u the  middle 
layer  of  polygonal  cells,  m,  and  the  uppermost  layer  of  flat  cells,  0 ; scattered  between  the  epithelial 
cells  lie  a few  round  cells,  r.  A nerve,  n:  is  seen  extending  through  the  parenchyma  of  the  cornea 
C,  and  among  the  corneal  corpuscles,  K,  up  to  the  nodule.  (After  Iwanoff.) 


A peculiar  form  of  eczematous  keratitis  is  that  known  as  fascicular 
or  frenular  keratitis.  This  is  characterized  by  the  formation  of 
successive  phlyctenula?,  another  appearing  directly  in  advance  of  a 


Fig.  142. 


Eczematous  efflorescence  in  the  limbus.  The  sclera,  S,  is  distinguished  by  its  more  delicate  fibril- 
lation and  its  bloodvessels  fro  n *he  more  homogeneous  non-vascular  cornea,  H.  The  nodule  is 
situated  at  a point  correspond ?r.‘  to  the  boundary  between  the  two  membranes,  but  more  over 
the  sclera  than  over  the  c >m<  ,a.  It  consists  of  densely  packed  round  cells,  between  which  the 
bloodvessels  are  recognizable  under  the  form  of  lighter  colored  striae.  In  the  vicinity  of  the 
nodule  the  vessels  thf>  conjunctiva,  c,  and  episclera,  e,  are  bordered  by  extravasated  leuco- 
cytes. The  epithMi  ’m  £,  of  the  conjunctiva  is  bulged  forward  by  the  nodule,  and  at  the  apex  of 
the  latter  is  thinned  and,  owing  to  the  penetration  of  the  round  cells  into  the  epithelial  layer  itself 
has  lost  the  si. arp  border  ordinarily  existing  between  it  and  the  connective  tissue.  Magnified 
62  x 1.  (FjCns., 

subsiding  one,  the  process  beginning  at  the  margin  of  the  cornea. 
(\  \e.  142.)  The  phlyctenule  at  the  apex  is  connected  with  the  con- 
junctiva by  a leash  of  vessels  which  lie  in  the  track  of  the  disease. 
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The  process  often  extends  far  onto  the  cornea,  anti  forms  a curved 
tract.  On  subsiding,  an  opaque  stripe  is  left,  which  has  been  termed 
the  scrofulous  band . 

Complications.  A phlyctenular  ulcer  may  extend,  rapidly  produce 
perforation  of  the  cornea,  and  result  in  much  damage  to  the  eye. 

Diagnosis.  Eczematous  keratitis  may  be  confounded  with  herpes 
of  the  cornea,  but  the  history  of  the  case  will  suffice  to  differentiate 
between  them. 

Prognosis.  Is  favorable  in  nearly  all  cases. 

Treatment.  Local  and  constitutional  treatment  should  be  employed. 
It  is  often  difficult  to  inspect  the  cornea  on  account  of  the  photo- 
phobia and  blepharospasm.  If  a drop  of  a solution  of  cocaine  be 
instilled,  the  photophobia  and  blepharospasm  will  be  much  relieved. 
With  many  children  it  is  necessary  to  place  the  head  between  the 
physician's  knees  before  attempting  to  expose  the  cornea,  a lid 
retractor  is  often  required.  The  cornea  is  sometimes  hidden  under 
the  upper  lid,  and  it  is  necessary  to  wait,  with  the  lid  retracted,  for 
it  to  come  gradually  into  view.  In  severe  cases  a little  ether  oi 
chloroform  may  be  given. 

The  eye  should  be  bathed  or  douched  three  or  four  times  a day 
with  a solution  of  boric  acid.  Atropine  may  be  instilled  sufficiently 
often  to  keep  the  pupil  dilated.  If  the  phlyctenule  has  broken  down, 
calomel  may  be  dusted  onto  the  cornea  once  daily.  An  ointment 
of  the  yellow  oxide  of  mercury  (1  per  cent,  in  vaseline)  may  be  put 
into  the  eye  twice  daily.  Fissure  of  the  outer  commissure  often 
exists  in  these  cases.  The  blepharospasm  may  be  relieved  to  some 
extent  by  touching  the  fissure  with  a stick  of  nitrate  of  silver  01  wit  h 
a crystal  of  the  sulphate  of  copper  (Roller).  Obstructive  rhinitis 
and  postnasal  growths  should  receive  appropriate  treatment 

Systemic  treatment  should  be  instituted  as  for  eczema  of  the 


C°In  fascicular  keratitis  the  cure  can  be  hastened  by  cutting  the 
leash  of  vessels  at  the  sclerocorneal  margin  by  means  oi  a sharp 

* Ulcers  of  the  Cornea.  Ulcers  of  the  cornea  are  variously  classi- 
fied  In  regard  to  their  development,  they  are  primary,  beginning  in 
the  cornea  itself,  or  secondary,  by  extension  of  the  process  from  the 
conjunctiva  or  from  contiguous  tissues. 

In  regard  to  position,  they  are  marginal  or  central. 

As  to  involvement  of  tissue,  Ihey  are  superficial  or  deep. 

As  to  shape,  they  are  circular,  crescentic,  punctate,  dendritiform, 

filamentous,  and  irregular.  , m xu  i « u 1 

In  character  they  arc  simple  or  infected.  To  the  latter  belong 

the  so-called  mycotic  forms. 

In  regard  to  the  stage  of  development,  they  are  progressive  or 


regressive. 

Ulcers  of  the  cornea 
143.) 


present  certain  symptoms  in  common.  (Tig. 
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In  all  there  are  loss  of  corneal  substance  and  more  or  less  opacity 
of  the  cornea  at  the  site  of  the  ulcer  and  in  its  vicinity.  Photophobia 
and  pain  are  present  in  all  but  the  neuroparalytic  form.  Impair- 
ment of  vision  occurs  in  all  cases  in  which  the  pupillary  area  is 
involved.  Pericorneal  injection,  partial  or  complete,  with  more  or  less 
secretion,  is  always  present.  The  iris,  ciliary  body,  and,  in  rare  cases, 
the  choroid,  may  become  involved  in  the  inflammatory  process,  and 
should  receive  appropriate  attention. 

Simple  Ulcer.  Simple  ulcer  of  the  cornea  does  not  tend  to  advance. 
It  may  possess  a grayish  base,  but  often  is  clear  and  clean,  and  tends 
to  heal  rapidly.  The  ulcer  may  have  any  form,  but  is  usually 
circular. 

Cause.  Simple  ulcer  is  usually  traumatic;  but  the  term  is  also 
applied  to  those  forms  of  infected  ulcer  in  which  the  progress  is 
speedily  arrested. 

Treatment.  Simple  cleanliness  with,  perhaps,  the  use  of  a boric 
acid  solution  or  a solution  of  mercuric  chloride  (1  : 10,000)  is  all 
that  is  required. 


Fig.  143. 


Infected  Ulcer.  The  term  infected  ulcer  is  applied  to  ulcers  which 
develop  after  solution  of  continuity  of  the  corneal  tissue,  due  to  the 
entrance  of  a pyogenic  micro-organism,  such  as  the  Staphylococcus 
pyogenes  aureus,  streptococcus,  pneumococcus,  etc.  All  infected 
ulcers  are  associated  with  an  infiltration  of  the  corneal  tissue  which 
extends  to  a greater  or  iest  degree  from  the  margins  of  the  ulcer. 
Infected  ulcers  may  be  marginal  or  central,  circular  or  crescentic  or 
irregular  in  form,  and  pursue  a course  dependent  on  the  nature  of  the 
micro-organism  that  has  invaded  the  corneal  tissue,  on  the  location  and 
on  the  ability  of  Lhc  corneal  tissue  to  resist  the  destructive  influence 
o the  micro-organism.  To  this  class  belong  some  forms  of  cres- 
cen  tic  keratitis,  elm  so-called  “serpent  ulcer,”  “oyster  shuckers’  kera- 
titis, and  some  of  the  forms  of  hypopyon  keratitis 
Marginal  Keratitis.  This  term  is  applied  usually  to  the  keratitis 
that  accompanies  eczema  of  the  conjunctiva,  which  has  been  described 
unc.er  the  heading  of  Eczematous  Keratitis.  Another  form  of 
marginal  keratitis  is  the  form  that  appears  in  the  shape  of  a long 
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■crescent  involving  from  one-fifth  to  two-thirds  of  the  circumference 
of  the  cornea,  sometimes  the  entire  circumference  of  the  cornea,  and  to 
which  the  term  “ crescentic  ulcer  ” sometimes  is  applied.  This  variety 
presents  itself  as  an  interrupted  line  of  grayish  infiltration  immediately 
beneath  the  epithelium,  occurring  just  beyond  the  free  margin  of  the 
limbus.  To  the  unaided  eye,  this  seems  to  be  a continuous  line;  but 
examined  with  the  lens  it  is  seen  to  be  made  up  primarily  of  minute 
pustules  which  rapidly  coalesce.  Within  twenty-four  to  thirty-six 
hours  the  epithelium  covering  these  pustules  disappears,  and  a super- 
ficial ulcer  results.  This  process  tends  to  advance  toward  the  centre 
of  the  cornea  regularly,  the  line  of  demarcation  being  quite  clearly 
cut  With  the  advance  of  the  superficial  infiltration  the  epithelial 
cells  disappear,  but  the  deep  layers  of  the  cornea,  save  for  a scanty 
infiltration  of  small  cells,  seldom  are  invaded.  The  affection,  par- 
ticularly in  poorly  nourished  individuals,  may  advance  until  a large 


part  of  the  epithelium  of  the  cornea  has  disappeared.  The  super- 
ficial lamelhe  of  the  cornea  are  also  sometimes  affecte  1 to  such  an 
extent  that  when  the  ulcer  has  healed  a delicate  cicatrix,  indicated 
by  the  presence  of  a thin  opacity,  remains.  (Tig.  144.)  This  form 

of  keratitis  is  usually  monocular. 

Cause  It  is  highly  probable  that  a condition  of  the  corneal  tissue 
which  renders  it  less  capable  of  resisting  the  inroads  of  micro- 
organisms  is  an  essential  element  in  the  development  of  this  condition. 
Micro-organisms  that  have  been  observed  in  this  form  of  ulcer  are 
Staphylococcus  pyogenes  aureus.  Klebs-Loeffler  bacillus,  and  t e 

1H  Duration  and  Symptoms.  This  form  of  marginal  keratitis  seldom  is 
met  with  in  children,  but  is  most  frequent  in  adults  of  advanced 
vears.  It  progresses  slowly,  is  attended  with  pronounced  symptoms 
of  irritation,  and  is  accompanied  by  more  or  less  secretion  from  the 
conjunctiva.  Injection  of  the  palpebral  as  well  as  of  the  ocular 
conjunctiva  is  present.  The  process  may  terminate  in  a few  days, 
but  in  some  cases  three  months  may  elapse  before  recovery  takes 
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place.  Certain  forms  of  marginal  or  crescentic  keratitis  bear  a 
close  resemblance  to  dendritiform  keratitis. 

Diagnosis.  The  diagnosis  of  crescentic  ulcer  presents  no  difficulties, 
since  the  location  and  form  are  the  essential  features. 

Treatment.  In  addition  to  the  local  treatment,  the  general 
health  of  the  individual  should  be  carefully  investigated  and  meas- 
ures adopted  for  improving  it.  Locally,  treatment  consists  in  cleans- 
ing the  eye  from  time  to  time  with  a solution  of  boric  acid,  3 per  cent., 
mild  solutions  of  mercuric  chloride  or  potassium  permanganate,  and 
the  introduction  of  antiseptic  remedies,  of  which  mercuric  chloride 
ointment  in  the  strength  of  1 : 3000  to  1 : 5000  in  vaseline  is  one  of 
the  best.  Iodoform,  aristol,  or  nosophen  may  be  inspersed.  In  the 
majority  of  cases,  however,  the  use  of  a chemical  or  thermal  escharotic 
or  caustic  is  of  great  value.  The  electro-cautery  or  the  ordinary  thermo- 
cautery may  be  applied  directly  to  the  ulcer.  When  the  cautery 
is  employed,  every  part  of  the  diseased  surface  should  be  touched.  A 
very  excellent  application  and  one  that  can  be  perfectly  controlled  is 
pure  carbolic  acid. 

Other  loiros  of  marginal  keratitis  secondary  to  operative  pro- 
cedures are  observed.  These  are  due  to  infection  of  the  wound,  and 
frequently  produce  extensive  destruction  of  the  cornea.  .The  treat- 
ment of  these  ulcers  is  similar  to  that  for  the  idiopathic  marginal  or 
crescentic  ulcer,  which  has  been  described. 

Central  Injected  Ulcers  of  the  Cornea.  These  may  assume  a 
circular  or  an  irregular  shape.  They  may  result  in  destruction  of 


Fig.  145. 
N 


Kerateetasia  produced  by  an  ulcer.  The  thinned  and  protruding  cicatrix  is  distinguished  bv  its 
denser  texture  from  the  adjacent  normal  cornea.  The  epithelium,  e,  over  it  is  thickened  while 
Bowman’s  membrane,  6,  is  wanting.  On  the  other  hand,  Descemet’s  membrane,  d,  with  its  epithe- 
lium, is  everywhere  presen  a proof  that  the  ulcer  has  not  perforated.  Magnified  25  x 1.  (Fuchs.) 

a small  or  a large  portion  of  the  corneal  tissue,  or  in  destruction 
of  the  entire  cornea.  The  form  of  ulcer  to  which  the  term  circular 
is  applied  occurs  most  frequently  in  the  shape  of  a cone  whose  apex 
is  in  the  stioma  of  the  cornea.  The  walls  of  the  ulcer  present  a 
grajdsl.  appearance,  and  infiltration  of  the  cornea  extends  quite 
regularly  into  the  adjacent  tissues.  In  some  cases  hernia  of  the 
anterior  chamber  results.  (Fig.  145.)  In  some  cases  perforation  takes 
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place,  and  in  others  plastic  lymph  forms  at  the  bottom  of  the  anter  ioi 
chamber,  when  a condition 'known  as  hypopyon  is  produced.  The 
circular  ulcer  is  usually  a relatively  benign  form,  and  regression  sets 
in  before  perforation  occurs.  The  ulcer  when  first  noticed  presents 
as  a superficial  loss  of  epithelium  with  a grayish-yellow  centre. 
This  grayish-yellow  centre  represents  a mass  of  superficial  necrotic 
tissue,  which  liquefies  and  extends  slightly  until  within  twenty-four 
or  seventy-two  hours  a relatively  deep  loss  of  tissue  results.  This 
form  of  ulcer  may  occur  at  any  period  of  life,  but  is  most  frequent 
in  adults.  Its  duration  is  usually  from  five  to  ten  days.  In  severe 
cases  perforation,  fistula,  and  partial  staphyloma  may  result. 

Treatment.  The  measures  previously  spoken  of,  comprised  by  the 
terms  cleanliness  and  asepsis,  should  be  employed.  In  many  cases 
the  inspersion  of  calomel  once  daily,  with  the  introduction  of  the 
ointment  of  mercuric  chloride  four  times  a day,  will  suffice  to 
bring  about  recovery;  but  in  all  cases  of  circular  ulcer  either  the 
actual  cautery  or  pure  carbolic  acid  may  be  employed  with  very 
excellent  results,  and  recovery  brought  about  much  more  rapidly 
than  by  the  use  of  simple  medication.  The  condition  of  the  system 
should  always  be  inquired  into,  and  suitable  measures  instituted  to 
correct  irregularities. 

Hypopyon  Keratitis.  In  all  pronounced  cases  of.  corneal  ulcei 
the  anterior  segment  of  the  vascular  coat  of  the  eye  (iris  and  ciliary 
body)  is  more  or  less  irritated.  As  a result,  exudation  from  the 
vessels  ensues.  The  aqueous  humor  becomes  more  albuminous,  and 
fibrin  forms.  Fibrin  is  deposited  on  the  posterior  surface  of  the 
cornea  and  often  on  the  other  surfaces  that  are  in  contact  witl  the 
aqueous  humor.  If  the  irritation  is  sufficient,  leucocytes  escape 
from  the  vessels  of  the  iris  and  ciliary  body,  and  reach  th  ■ anterior 
chamber  and  gravitate  to  the  bottom.  If  sufficient  fibrin  is  present 
the  leucocytes  become  imbedded,  forming  a pultaceous  mass  which 
does  not  change  its  position  when  the  position  of  the  head  is  changed. 
In  the  absence  of  sufficient  fibrin  the  collection  remains  fluid  and 
changes  its  position  as  the  position  of  the  head  is  changed.  The 
mass  is  yellow  in  color,  and  resembles  pus.  it  contains  no  pathogenic 
trerms  and  is  innocuous.  Its  presence  constitutes  what  is  known  as 
hvpopyon.  The  superior  border  of  the  f vpopyon  is  often  slightly  con- 
vex On  looking  obliquely  into  the  anterior  chamber,  it  will  be  seen 
that  the  pus  is  chiefly  deposited  or.  the  posterior  surface  of  the  cornea, 
the  surface  of  the  iris  being  free  to  a considerable  distance  belo\\  the 
upper  margin  of  the  deposit.  The  researches  of  Leber  make  it  evident 
that  the  presence  of  the  leucocytes  and  fibrin  is  an  attempt  on  t le 
part  of  nature  to  aid  in  nix  venting  destruction  of  the  corneal  tissue 
Many  of  the  leucocytes  penetrate  into  the  corneal  tissue  by  way  ot 
Fontana’s  spaces  md  proceed  to  the  vicinity  of  the  ulcer.  The 
excess  remain  in  the  anterior  chamber,  and  there  form  the  collection 
iust  described.  Older  observers,  noting  the  convex  upper  border  of 
the  mass  of  txudation  in  the  anterior  chamber,  and  the  fact  that 
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the  iris  was  free,  supposed  that  the  collection  of  pus  was  between 
the  lamellae  of  the  cornea,  and,  because  of'  the  resemblance  to  the 
lunula  of  the  finger-nail,  termed  it  unguis  or  onyx  (nail). 

The  presence  of  hypopyon  in  itself  calls  for  no  particular  treatment, 
With  subsidence  of  the  disease  which  calls  it  into  existence  it  disap- 
pears by  absorption,  sometimes  slowly,  sometimes  rapidly.  It  may 
disappear  and  reappear,  and  vary  in  amount  from  day  to  day. 

Acute  Sloughing  Ulcer  ( Serpent  Ulcer,  Saemisch).  This  form  of 
ulcer  affects  adults  almost  exclusively.  It  may  occur  in  children 
debilitated  by  exhausting  disease.  Infection  through  a wound, 
usually  superficial,  is  the  cause,  the  pathogenic  micro-organism  being 
introduced  either  at  the  time  of  the  traumatism,  or  subsequently, 
from  the  contents  of  the  conjunctival  sac.  This  affection  has 
been  observed  frequently  in  farmers  during  the  harvest  season,  and 
has  been  termed  “harvesters’  keratitis.”  Stonemasons  are  par- 
ticularly liable.  A similar  form  of  corneal  ulcer  has  been  observed 
in  those  engaged  in  opening  oysters,  and  has  been  termed  “oyster 
shuckers’  keratitis”  (Rudolph).  The  micro-organisms  chiefly  engaged 
in  the  production  of  acute  sloughing  keratitis  are  the  pneumococcus 
(Fraenkel,  Weichselbaum,  Sattler,  Gaspanini,  Pearls,  Basso,  Uhthoff, 
and  Axenfeld),  streptococcus,  Staphylococcus  pyogenes  aureus,  gono- 
coccus, Klebs-Loeffler  bacillus,  etc.  The  term  serpent  ulcer  is  not 
descriptive  of  the  disease,  and  should  be  abandoned. 

According  to  Fuchs,  the  characteristic  clinical  picture  or  the  disease 
is  present  only  in  the  early  stage.  It  then  appears  as  a disk-'like  opacity 
near  the  centre  of  the  cornea,  the  centre  of  the  disk  being  not  so  dense 
as  the  margin.  The  surface,  which  at  first  is  slightly  raised,  soon 
becomes  slightly  depressed.  Iritis,  cyclitis.  and  hypopyon  develop 
early.  The  ulcer  advances  irregularly;  an  arrest  may  occur  in  one 
portion,  and  the  epithelium  may  advance  over  the  edge  of  the  defect. 
At  another  part  the  gray  infiltration  ad  ’ances,  and  loss  of  corneal 
tissue  continues.  Hernia  of  the  anterior  chamber,  followed  shortly 
by  perforation,  is  the  usual  course.  The  entire  cornea  may  become 
involved  and  slough.  As  complications,  there  may  be  loss  of  the 
crystalline  lens,  escape  of  vitreous  humor,  detachment  of  the  retina, 
intra-ocular  hemorrhage,  panophthalmitis,  etc. 

Treatment.  This  shoul  1 b?  energetic  from  the  start.  If  the  ulcer 
is  small  and  in  the  early  stage,  medicinal  treatment  may  be  employed, 
provided  the  patient  is  under  close  observation  and  can  devote  the 
time  to  treatment  This  consists  in  hot  bathing,  which  should  be 
continuous  during  the  waking  hours.  Atropine,  in  1 to  3 per  cent 
solution,  should  be  instilled  sufficiently  often  to  keep  the  pupil  dilated. 
Labtiiiaque  s solution,  1 : 10  to  1 : 8,  may  be  instilled  every  two  hours. 
Iodoform  may  be  dispersed  and  a compress  bandage  applied.  If 
treated  as  an  “out”  patient,  operative  procedures  should  be  resorted 
to  at  once.  In  the  early  stage,  if  a large  area  is  not  involved  and 
h vt,o  hypopyon  is  present,  cauterization  should  be  resorted  to,  pref- 
erably with  the  actual  cautery.  Atropine  should  have  been  instilled 
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previously.  After  cauterizing,  iodoform  may  be  dusted  into  the 
wound  and  a compress  bandage  applied;  or  the  conjunctival  sac  may 
be  filled  with  bichloride  vaseline  1:5000,  and  the  eye  bandaged. 
The  eye  should  be  inspected,  the  remedies  used,  and  the  bandage 
reapplied  from  one  to  three  times  in  twenty-four  hours.  In  ulcers 
that  are  large  with  large  hypopyon  the  Saemisch  incision  should  be 
performed.  This  is  done  by  piercing  the  clear  cornea  at  the  margin 
of  the  ulcer,  carrying  the  point  of  the  knife  into  the  anterior  chamber 
beneath  the  ulcer,  and  making  the  counter-puncture  in  clear  cornea. 
The  incision  is  completed  by  cutting  through  the  floor  of  the  ulcer. 
The  aqueous  humor  is  permitted  to  escape  slowly.  The  lips  of  the 
wound  are  separated,  and  the  pultaceous  mass  forming  the  hypopyon 
is  washed  out  or  lifted  out  with  a spatula.  This  operation  permits 
of  incarceration  of  the  iris,  but  prolapse  seldom  occurs  ii  the  operation 
is  performed  with  ordinary  caution.  The  margins  of  the  wound  close 
rapidly.  It  is  advisable  to  open  the  wound  once  every  day  for  a 
few  hours.  Bandaging  and  the  usual  medicinal,  treatment  should 
follow  the  operation. 

Ulcer  in  Variola.  In  patients  suffering  from  smallpox  the  cornea 
may  be  the  site  of  one  or  more  pustules.  These  do  not,  as  a rule, 
lead  to  destruction  of  the  eyeball,  but  they  are  followed  by  more 
or  less  opacity  of  the  cornea,  which  greatly  impairs  vision.  In 
France  35  per  cent— and  after  the  introduction  of  vaccination  7 
per  cent.— of  all  the  blind  lost  their  vision  from  smallpox.  In  the 
United  States,  where  vaccination  is  so  general,  blindness  due  to 
smallpox  is  seldom  seen.  If  the  eyes  are  inspected  daily  during  +h  > 
illness,  and  cleansing  by  means  of  mild  antiseptic  solutions  and  Man  i 
antiseptic  oils  or  ointments  is  employed,  something  in  the  way  of 
prevention  may  be  accomplished.  In  addition  to  the  formation  oi 
variolous  pustules  the  cornea  may  be  the  site  of  a destructive  kera- 
titis due  to  infection  from  other  germs,  as  occurs  in  those  who  are 
not  infected  with  variola.  The  results,  on  account  cf  she  depressed 
condition  of  the-  individual,  may  be  very  serious  so  far  as  vision  is 

concerned.  c , 

Abscess  of  the  Cornea.  A process  termed  annular  abscess  ol  the 
cornea  sometimes  occurs  after  perforating  wounds  and  altei  opera- 
tions on  the  cornea  which  result  in  infection  of  the  cornea.  In  these 
cases  a yellowish  annular  ring  forms  in  the  central  portion  of  the 
cornea.  The  centre  of  the  cornea  and  the  zone  next  the  limbus  are 
hazy,  but  less  densely  so.  The  yellow  ring  extends,  involving  the 
entire  cornea.  The  corneal  tissue  sloughs.  Destruction  of  the  cornea 
in  these  cases  is  complete  ;n  tiiree  or  four  days.  Destruction  of  the 
eye  is  sure  to  result.  Fuchs  advises  enucleation  at  an. early  stage. 

Fistula  of  the  cornea  appears  as  a small  black  point  at  or  near 
the  centre  of  the  cornea.  If  perforation,  the  result  of  ulceration, 
occurs  in  the  cen  cre  of  the  cornea,  it  may  not  be  covered  by  the  ins, 
and  recovery  must  take  place  by  the  development  of  new  connective 
tissue  from  *he  margins  of  the  ulcer.  Recovery  under  these  con- 
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ditions  is  slow,  and  it  sometimes  happens  that  with  closure  of  the 
perforation  the  intra-ocular  tension  is  sufficient  to  rupture  the  delicate 
new-formed  tissue,  and  the  anterior  chamber  is  evacuated  and  a fistula 
is  formed.  If  the  fistula  remains  open,  the  eyeball  gradually  atrophies 
or  infection  occurs,  and  panophthalmitis  follows.  The  fistula  may 
close,  and  on  restoration  of  the  intra-ocular  tension  may  again  be 
opened.  This  may  be  repeated  a number  of  times.  Infection 
usually  occurs  sooner  or  later,  and  loss  of  the  eye  results. 

Treatment.  In  recent  cases  an  attempt  may  be  made  to  secure 
closure  by  applying  a compress  bandage,  and  myotics  may  be  em- 
ployed to  keep  the  intra-ocular  tension  reduced.  If  the  anterior 
chamber  becomes  restored,  an  iridectomy  may  be  performed  for  the 
same  purpose.  Cauterization  of  the  walls  of  the  fistula  is  resorted  to 
sometimes  for  the  production  of  a firm  scar;  but  it  should  be 
employed  with  care,  to  avoid  wounding  the  lens.  Excision  of  the 
walls  of  the  fistula  may  be  resorted  to,  and  the  opening  may  be 
closed  by  a suture. 

Filamentous  Keratitis.  This  disease  may  be  classified  as  idio- 
pathic or  traumatic. 

a.  Idiopathic  filamentous  keratitis  is  characterized  by  the  forma- 
tion in  the  corneal  epithelium  of  epithelial  globules,  measuring  usu- 
ally 1 mm.  to  mm.  in  diameter,  which  are  pushed  above +ie  level 
of  the  epithelium,  and  finally  become  pendent  from  the  epithelial 
surface  and  connected  by  small  pedicles  (Nuel,  Hess).  The*  globule 
consists  of  epithelial  cells,  of  the  tessellated  variety,  which  are 
undergoing  mucoid  degeneration.  In  the  centre  a hyaline  body 
usually  is  observed,  resembling  coccidium.  The  pedicle  consists  of  a 
central  core,  composed  of  epithelial  cells  which  have  become  elon- 
gated until  they  assume  the  appearance  of  fibril  Ise.  These  are  twisted 
into  a small  thread.  The  masses  rise  and  fall,  accompanying  the 
movements  of  the  lids.  The  filaments  last  from  three  to  four  days. 
A fresh  group  of  the  globules  may  appear.  The  number  of  globules 
may  be  but  two  or  three,  or  they  may  be  numerous  and  cover  almost 
the  entire  cornea. 

This  disease  is  peculiar  to  advanced  adult  life,  and  is  observed 
more  frequently  in  eyes  that  have  been  the  seat  of  an  inflammatory 
process  affecting  the  anterior  segment.  Similar  globules  may  form 
from  the  floors  of  ulcers  that  are  in  the  process  of  healing. 

b.  Traumatic  filamentous  keratitis  is  probably  due  to  the  adher- 
ence of  partly  detached  threads  of  epithelium  rather  than  to  fila- 
ments derived  from  the  eruption  of  globules  as  above  described. 

Symptoms,  3 he  development  of  filamentous  keratitis  is  accompanied 
by  symptoms  of  irritation,  slight  injection  of  the  ocular  conjunc- 
tiva, a semation  as  of  a foreign  body  in  the  eye,  and  the  presence  of 
scanty  mucoid  or  mucopurulent  secretion,  portions  of  which  adhere 
to  t he  corneal  surface.  Slight  febrile  reaction  sometimes  is  observed. 

Treatment.  Treatment  should  be  constitutional  as  well  as  local. 
r ' >cal  treatment  consists  in  keeping  the  cornea  cleansed,  using  mild 
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antiseptic  solutions — solution  of  boric  acid  (3  per  cent.)  or  potas- 
sium permanganate  (0.2  to  1 per  cent.)  may  be  employed.  In  addi- 
tion, much  comfort  is  given  the  patient  if  a lubricant  in  the  form 
of  borated  (5  per  cent.)  or  bichloride  vaseline  (1:5000)  is  intro- 
duced into  the  eye  three  or  four  times  daily. 

The  systemic  treatment  consists  in  the  employment  of  general 
tonic  remedies.  Under  this  form  of  treatment  we  may  hope  for  a 
subsidence  of  the  affection  in  from  three  to  five  days.  Recurrence 
may  take  place. 

Dendritic  Keratitis  ( Furrow  Keratitis;  Mycotic  Keratitis;  Kera- 
titis Arborescens) . The  term  is  applied  to  a superficial  form  of 
keratitis  supposed  to  be  due  to  the  presence  of  a specific  micro- 
organism. The  process  usually  begins  at  the  periphery  of  the  cornea, 
but  may  also  begin  in  the  centre  of  the  cornea.  It  is  characterized 
by  the  appearance  of  a narrow  grayish  line  of  infiltration  in  the 
corneal  tissue  near  the  surface,  accompanied  by  an  elevation  of  the 
epithelium.  The  epithelium  covering  this  line  of  infiltration  breaks 
down,  and  a shallow  groove  (“furrow”)  is  formed.  Preceding  or 
following  the  destruction  of  the  epithelium,  offshoots  from  the  original 
line  of  infiltration  are  observed.  The  offshoot  frequently  terminates 
in  a minute  grayish  enlargement  (colony).  These  offshoots  multiply, 
until  eventually  a tree-like  (“arborescent”)  formation  is  presented. 
The  infiltration  is  not  confined  to  the  grooves  and  lines,  but  advances 
into  the  surrounding  tissue  for  a short  distance  as  the  process  con- 
tinues. The  advance  of  the  process  differs  in  different  cases.  As  a 
rule,  the  advance  of  the  disease  is  relatively  slow,  a number  of  days, 
perhaps  weeks,  elapsing  before  full  development  is  reached.  Th< 
superficial  nature  of  the  process  may  be  continued  throughout  its 
course.  Involvement  of  the  deeper  tissues  may  supervene,  and  in 
exceptional  cases  perforation  of  the  cornea  may  take  p'm’e.  W hen 
the  deeper  tissues  are  involved,  it  is  the  result  of  a mixed  infection 
of  the  cornea. 

Symptoms.  The  symptoms  of  this  affection  are  frequently  very 
distressing:  the  patient  complains  of  a sensation  as  of  a foreign  body 
in  the  eye;  photophobia  to  a very  annoying  degree  develops.  Neu- 
ralgic pains,  affecting  the  distribution  of  the  supra-orbital  and  infra- 
orbital branches  of  the  fifth  nerve  are  experienced.  These  symptoms 
may  suddenly  cease  and  be  absent  for  a day  or  two,  and  then  sud- 
denly recur.  The  intensity  of  the  symptoms  depends  directly  upon 
the  activity  of  the  process. 

Cause.  A cause  has  not  as  yet  been  determined.  The  appear- 
ances indicate  the  presence  of  a micro-organism. 

Desiccation  Keratitis  ( Keratitise  Lagophthalmo) . When  the  cor- 
nea is  exposed  for  any  length  of  time  without  suitable  lubrication, 
the  epithelial  cells  become  dry  and  irregular  and  the  cornea  becomes 
slightly  opaque.  Exposure  leads  to  one  of  two  things:  the  corneal 
tissue  either  taxes  on  a cutaneous  condition,  or  the  corneal  sub- 
stance is  lost,  and  ulcer  occurs.  Keratitis  from  desiccation  occurs 
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in  cases  of  extreme  exophthalmos,  retraction  of  the  levator  palpebra* 
superioris,  extreme  ectropion,  paralysis  of  the  orbicularis  palpe- 
brarum preventing  closure  of  the  eyes;  in  debilitating  diseases,  as 
typhoid  fever,  smallpox,  and  in  the  later  stages  of  disease  ending 
in  the  death  of  the  patient,  where,  from  inability  to  close  the  eyes, 
the  cornea  is  exposed.  In  all  cases  of  desiccation  keratitis  the  por- 
tion of  cornea  first  affected  is  the  exposed  portion. 

Desiccation  keratitis  is  probably  most  frequently  observed  in 
lagophthalmos.  The  ulcer  may  progress  and  destroy  more  or  less 
of  the  cornea. 

Symptoms.  The  symptoms  are,  as  a rule,  not  severe.  More  or 
less  pain  referable  to  the  eye  is  complained  of,  and  in  cases  of  in- 
volvement of  the  iris  and  ciliary  body,  symptoms  peculiar  to  disease 
of  these  structures  develop. 

Treatment.  The  treatment  consists  in  providing  protection  for 
the  exposed  cornea.  Thi§,  in  the  cases  of  lagophthalmos  and  exoph- 
thalmos is  accomplished  by  the  application  of  protective  bandages 
and  the  use  of  lubricating  ointments.  In  cases  not  admitting  of  relief 
by  spontaneous  recovery,  tarsorrhaphy  to  an  extent  sufficient  for  the 
protection  of  the  cornea  may  be  performed.  After  cicatricial  ectro- 
pion plastic  operations  for  restoring  the  lids  should  be  resorted  to. 

Keratomalacia . Keratomalacia  accompanies  xerosis  epithelialis, 
affecting  infants,  and  occurs  in  the  later  stages  of  exhausting  diseases, 
such  as  typhoid  fever,  scorbutus,  etc.  It  is  characterized  by  a 
grayish  discoloration  of  the  cornea,  increase  in  thickness  of  the 
corneal  tissue,  accompanied  by  softening  and  complete  loss  by 
sloughing.  Keratomalacia  is  seldom  seen  in  adults.  The  condition 
belongs  almost  entirely  to  xerosis  affecting  infants,  as  has  been 
stated  in  the  description  of  xerosis  (see  Coninnctiva),  and  needs  no 
further  reference  here.  A lethal  result  almost  invariably  takes  place 
in  those  affected. 

Treatment  manifestly  is  of  no  avail 

Neuroparalytic  Keratitis,  Diseases  of  the  fifth  nerve  occurring 
either  in  the  trunk  of  the  nerve,  in  the  Gasserian  ganglion,  or  at 
the  nucleus  of  the  nerve,  produces  insensibility  of  the  cornea,  and 
at  the  same  time  removes  the  source  of  stimulation  for  the  lacrymal 
gland,  causing  a diminution  in  the  secretion  of  the  gland.  With  loss 
of  the  sensibility  of  the  cornea  and  conjunctiva  the  individual  fails 
to  appreciate  the  presence  of  foreign  substances,  and  is  not  made 
aware  of  atmosphoric  influences  on  the  surface  of  the  cornea,  which 
undergoes  desiccation.  Winking  is  not  performed  sufficiently  fre- 
quently to  maintain  the  proper  moisture  of  the  cornea  or  to  remove 
foreign  substances  from  its  surface.  This  condition  leads  to  partial 
loss  of  epithelium  and  permits  of  the  entrance  of  destructive  bacteria, 
bringing  about  a keratitis  which  at  first  is  superficial  and  general, 
but  tater  may  develop  into  deep  ulceration  with  loss  of  substance, 
perforation,  and,  in  the  severer  cases,  complete  loss  of  vision.  It  is 
held  b)^  some  writers  that  this  process  is  not  entirely  due  to  exposure, 
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but  that  trophic  disturbances  occur  consequent  on  the  destruction  of 
the  nerve.  Since,  however,  it  is  not  proved  that  trophic  nerves, 
so-called,  exist,  we  are  not  warranted  in  assuming  that  they  do 
exist,  and  we  must  attribute  the  changes  that  occur  in  the  cornea 
to  insensibility  of  the  cornea,  to  exposure,  and  to  the  entrance  of 
noxious  germs. 

Cases  are  cited  by  a number  of  writers  in  which,  after  protection 
to  the  cornea  has  been  furnished,  the  process  has  not  abated,  but 
has  continued,  and  destruction  of  the  cornea  has  resulted.  These 
observations,  however,  were  made  prior  to  a perfect  understanding 
of  asepsis,  and  it  is  possible  that  destructive  micro-organisms  were 
present,  and  that  the  continuation  of  the  diseased  process  was  due 

to  them.  _ 

Treatment.  It  is  found  that  protection  of  the  cornea  either  by 
means  of  a protective  bandage,  tarsorrhaphy,  or  by  the  use  of  oint- 
ments sufficiently  frequently  applied  to  keep  the  cornea  covered, 
will  bring  about  a restoration  of  the  corneal  tissue,  and  will  prevent 
further  development  of  the  keratitis. 

Non-suppurative  Forms  of  Keratitis. 

Pannus.  This  is  a form  of  superficial  vascular  keratitis,  and  is 
the  result  of  an  attempt  on  the  part  of  nature  to  protect  the  cornea 
from  irritating  influences.  It  is  observed  most  frequently  in  tra- 
choma, and  occurs  in  that  stage  of  trachoma  in  which  the  elevations 
on  the  surface  of  the  conjunctiva  are  hard  and  dense,  and  are  capable 
of  producing  displacement  of  the  epithelium  of  the  cornea  with  \ hie  1 
they  come  in  contact.  The  vascularity  may  affect  the  whole  or  a part, 
usually  the  upper  portion,  of  the  cornea.  In  cases  of  trachoma  in 
which  the  lower  lid  is  but  slightly  involved,  the  pannus  of  the  cornea 
may  be  limited  exclusively  to  the  upper  half.  It  sometimes  occurs 
that  the  irritation  of  the  corneal  tissue  affects  only  the  lower  half 
of  the  cornea,  in  which  case  the  pannus  is  limited  to  this  part  . Vas- 
cular pannus  may  be  extremely  slight  (; pannus  teams),  or  the  vas- 
cularity may  be  very  pronounced  ( pannus  vascularis) ; it  may  be  so 
intense  that  the  cornea  is  converted  into  a condition  resembling  a 
fleshy  mass  ( pannus  crassus  or  earnest’s 'i  The  vascularity  remains 
as  long  as  the  irritation  is  present,  mm  then  gradually  subsides, 
often  leaving  but  few  traces.  In  se  'eve  cases  complete  opacification 
of  the  cornea  may  result.  In  the  'aver  stages,  when  few  bloodvessels 
are  present,  the  condition  is  known  as  pannus  siccus. 

Pathology.  The  bloodvessels  in  pannus,  in  the  earlier  stages  anti 
lighter  forms,  are  found  immediately  beneath  the  epithelial  layer. 
They  lie  in  a scant  stroma  of  new-formed  connective  tissue  or  forma- 
tive cells,  and  are  accompanied  by  a more  or  less  plentiful  small-cell 
infiltration.  In  pannus  tenuis  Bowman’s  membrane  remains  almost, 
if  not  quite,  inf  act.  In  the  severer  forms  of  pannus  the  superficial 
lamellae  of  the  substantia  propria  are  involved  and  Bowman’s  mem- 
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brane  is  greatly  changed,  losing  its  character  entirely.  It  is  never 
restored. 

Treatment.  This  consists  in  removing  the  cause. 

Herpes  Corneae.  This  disease,  which  resembles  eczema  cornea?  in 
some  respects,  is  to  be  differentiated  from  it.  It  occurs  as  an  accom- 
paniment of  herpes  febrilis  most  frequently,  but  also  accompanies 
herpes  frontalis.  It  is  characterized  by  the  appearance  in  the  cornea 
of  two  or  more  vesicles,  which  at  first  are  transparent,  but  soon 
become  cloudy  and  of  a yellowish  color.  The  epithelium  then  gives 
way,  and  there  is  a superficial  ulcer  with  shreds  of  epithelium  hanging 
from  it.  The  floor  of  the  ulcer  is  anaesthetic,  but  the  surrounding 
cornea  is  not.  The  appearance  of  the  vesicles  is  preceded  by  sharp^ 
pricking  pain,  by  lacrymation,  and,  at  times,  by  mucopurulent 
secretion.  The  gray  infiltration  at  the  base  of  the  vesicle  may  not 
extend,  but  fine  lines  of  infiltration  extending  into  the  surrounding 
cornea  may  be  present.  Crops  of  vesicles  are  apt  to  occur. 

This  form  of  keratitis  attacks  adults  of  middle  life  most  frequently. 
Younger  individuals  may  be  attacked.  Accompanying  herpes  of  the 
cornea  there  may  be  herpetic  vesicles  on  the  lips,  nose,  face  and 
eyelids. 

Horner,  who  described  this  affection  in  1871,  observed  it  following 
pertussis,  intermittent  and  typhus  fever.  According  to  Haab,  the 
outer  layers  of  the  cornea,  Bowman’s  membrane,  and  the  epithelial 
layer  may  be  elevated  by  the  process.  In  cases  that  <re  suitably 
treated,  recovery  occurs  as  a rule  in  a week  or  ten  days.  In  neglected 
cases  secondary  infection  may  occur,  accompanie  1 "by  more  or  less 
destruction  of  the  cornea,  hypopyon,  and  iritis 

Treatment  should  be  local  and  constitutional.  Cleansing  the  eye 
with  a 3 per  cent,  solution  of  boric  acid  three  or  four  times  dailv 
and  the  introduction  of  bichloride  vaseline  (1:5000)  after  each  bath- 
ing, will  be  sufficient. 

Constitutional  treatment  should  be  directed  to  improvement  of 
the  general  system. 

Keratitis  punctata  superficia'ir  begins  with  symptoms  of  acute 
conjunctivitis;  it  is  related  to  herpes  febrilis  corneae,  but  does  not 
form  vesicles.  Small  gray  spots  form  in  the  superficial  layer  of  the 
cornea,  occupying  the  central  portion;  these  may  be  very  numerous, 
or  may  be  limited  to  s>x  or  eight.  The  corneal  surface  is  rendered 
uneven  by  the  elevation  of  the  epithelium  lying  over  the  spots  of 
infiltration. 

Bullous  Kcrctitis.  This  condition  consists  in  the  formation  of  a 
large  vesick  or  vesicles  on  the  cornea,  usually  occupying  the  lower 
portion  of  the  cornea.  It  occurs  in  eyes  that  are  affected  by  a 
chronic  inuocyclitis,  after  superficial  traumatism,  and  in  those  which 
are  subject  to  increase  of  tension.  The  presence  of  the  bleb  or 
buLa  >s  accompanied  by  symptoms  of  irritation.  There  are  excessive 
lacrymation,  photophobia,  and  mucopurulent  secretion.  The  affec- 
’on  is  peculiar  to  adult  life. 
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Duration.  The  bleb  usually  persists  for  a few  days,  then  ruptures 
the  threads  of  epithelium  hanging  from  the  margins;  the  denuded 
surface  is  rapidly  recovered  by  epithelium.  In  some  cases  the  bleb 
opens  spontaneously  at  the  superior  part  and  the  bleb  wall  becomes 
reattached  to  the  cornea.  Recurrences  are  frequent,  the  recurrence 
taking  place  in  some  cases  within  a few  days,  and  in  some  cases 

months  or  years  afterward.  . 

Pathology.  The  outer  wall  of  the  bleb  consists  of  the  entire  epi- 
thelial layer  of  the  cornea,  which  has  become  raised  by  the  transu- 
dation of  fluid  through  Bowman’s  membrane.  Brugger1  believes 
that  the  first  step  is  an  infiltration  of  the  substantia  propria  ol  the 
cornea  with  fluid  which  could  not  escape  by  the  limbus ; new  tissue- 
elements  form  beneath  the  epithelium  of  Bowman’s  membrane,  and 
the  epithelial  layer  eventually  becomes  detached  and  is  pushed 

Treatment.  It  is  sometimes  sufficient  to  puncture  the  vesicle  and 
apply  a compress  bandage.  It  becomes  necessary  in  some  cases  to 
remove  the  anterior  wall  of  the  vesicle,  and  to  treat  the  denuded 
surface  by  an  application  of  a solution  of  nitrate  of  silver  0.5  pei 
cent  to  1 per  cent.,  or  by  superficial  cauterization.  In  some  cases 
removal  of  the  superficial  parts  of  the  cornea  has  been  resorted  to. 
It  is  of  course,  desirable  to  cure  the  condition  which  makes  the 
formation  of  the  bleb  possible.  The  ultimate  result  in  the  vast 
majority  of  cases  is  favorable  for  retention  of  the  eye  and  the  pre- 
servation of  some  degree  of  vision.  In  rare  cases  removal  of  the 

o*lobe  becomes  necessary.  . . .T 

^ Parenchymatous  Keratitis  (Interstitial  Keratitis;  Diffuse  £eia- 
titis).  Parenchymatous  keratitis  may  develop  from  the  periphery 
of  the  cornea  or  first  manifest  itself  by  the  appearance  of  opacities 
on  or  near  the  centre  of  the  cornea.  When  developing  from  the 
periphery,  its  free  border  is  irregular  and  is  usually  less  dense  than 
at  the  margin  of  the  cornea.  If  carefully  examined,  the  infiltration 
will  be  found  to  be  uneven  in  density,  frequently  being  made  up  of 
a number  of  foci.  Thickening  of  the  conjunctive  at  the  sclerocornea 
junction  accompanies  the  process,  the  limbus  apparently  advancing 
a short  distance  onto  the  cornea.  The  'mi  >us  here  is  deeply  con- 
gested and  presents  a bright-red  border.  The  extension  of  the  vessels 
of  the  conjunctiva  onto  the  cornea  is  limited  by  a sharp  line  ot 
demarcation,  and  seldom  exceed*  1 mm.  or  H mm.  Soon  vessels 
make  their  appearance  in  the  parenchyma  of  the  cornea  and 
extend  into  the  infiltrated  area.  The  infiltration  advances  toward 
the  centre,  and  may  eventually  involve  the  who  e of  the  cornea. 
The  opacification  may  become  limited,  affecting  only  a small  portion 
of  the  cornea.  It  seld  im  occurs  that  infiltration  of  the  cornea 
advancing  from  the  margin  involves  the  entire  margin  of  the  cornea 
uniformly.  In  the  majority  of  cases  infiltration  begins  in  the  lowei 

nasal  quadram. 


i Monat.  f.  Aug.  Heilk.,  1886,  vol.  xxiv.  p.  500. 
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The  second  mode  of  onset  is  that  in  which  the  opacity  first  mani- 
fests itself  m the  centre  of  the  cornea.  In  these  cases  the  infiltration 
occurs  in  numerous  foci  in  the  centre  of  the  cornea,  gradually  spread- 
ing until  the  greater  part  of  the  cornea  is  involved.  (Fig.  146.)  The 
vessels  of  the  limbus  throughout  the  whole  periphery  of  the  cornea 
are  somewhat  injected,  but  the  principal  vascularity  occurs  in  the 
deep  tissues  of  the  cornea,  advancing  from  the  periphery.  In  both 
forms  of  onset  the  surface  of  the  cornea  becomes  somewhat  irregular 
due  to  numerous  minute  elevations.  Vision  is  impaired  in  propor- 
tion to  the  density  of  the  infiltration.  The  infiltration  of  the  cornea 
advances  rapidly,  in  some  cases  involving  the  entire  corneal  tissue 
in  from  two  to  four  weeks.  In  some  cases  the  advance  is  much  less 
rapid,  the  height  of  the  affection  being  reached  only  after  two  or 


Fig.  146. 


three  months.  In  the  average  case  the  corneal  tissue  recovers  it 
transparency  almost  entirely,  but  on  close  examination  with  brigh 
illumination  opaque  tissue  may  be  detected,  and  a fine  network  o 
lines  representing  the  sib.  of  the  vessels  may  be  made  out.  In  man1 
cases  the  tissue  of  the  cornea  does  not  appear  to  have  been  greatb 
affected  by  the  process,  but  in  the  severer  cases  sclerosis  of  th< 
tissue  results,  the  cornea  becoming  thinned,  and  its  diamete: 
increased  by  stretching  due  to  the  intra-ocular  pressure.  In  some 
cases  onl\  a portion  of  the  cornea  becomes  sclerosed  and  ectatic. 

Duration  In  the  average  case  the  disease  runs  its  course  in  fron 
five  ^ ten  months— seldom  less  than  five  months  even  in  the  mile 
casei?-  , ,In  the  ,severer  cases  the  clearing  up  of  the  cornea  does  nol 
reach  the  maximum  in  less  than  two  or  three  years 
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Degree  of  Severity.  Parenchymatous  keratitis  may  affect  only  a 
small  portion  of  the  cornea  at  the  periphery.  It  may  occur  in  only 
one  or  two  small  punctate  patches  near  the  centre  of  the  cornea. 
The  opacities  advance  for  a few  weeks  extremely  slowly,  and  subside, 
leaving  scarcely  a trace.  Severe  forms  may  cause  complete  opacifica- 
tion of  the  cornea,  reducing  vision  to  perception  of  light.  Parenchy- 
matous keratitis  is  accompanied  not  infrequently  with  involvement 
of  the  sclera  and  of  the  anterior  portion  of  the  vascular  membrane 
of  the  eye — iris,  ciliary  body,  and  choroid. 

Symptoms.  More  or  less  irritation,  increased  lacrymation,  photo- 
phobia in  proportion  to  the  rapidity  of  advancement  of  the  dis- 
ease, pain,  sometimes  extremely  light  in  degree,  sometimes  quite 
severe,  referable  to  the  eye  and  to  the  temple,  are  experienced. 

Cause.  Parenchymatous  keratitis  is  due  in  the  vast  majority  of 
cases  to  syphilis,  either  inherited  or  acquired.  Inherited  syphilis 
is  by  far  the  most  frequent  cause.  Rheumatism  and  gout  are  causes, 
perhaps  in  very  few  cases,  and  indefinite  dyscrasia  may  also  be  said 
to  produce  a very  small  proportion  of  the  cases.  As  a result  of 


Rachitic  teeth. 


Permanent  incisors  of  inherited  syphilis. 


inherited  syphilis,  it  may  affect  individuals  between  the  ages  of  five 
and  forty-five  years.  It  occurs  most  frequently  between  the  ages 
of  seven  and  fifteen  years. 

Accompanying  parenchymatous  keratitis  due  to  inherited  syphilis 
are  certain  peculiarities  in  the  conformat'on  of  the  face  and  head. 
The  forehead  and  cranium  are  larger  in  proportion  to  the  lower  part 
of  the  face,  evidences  of  hydrocephalus  being  present  in  some  indi- 
viduals. The  skin  of  the  face  has  a"  old  or  parchment-like  appear- 
ance; the  skin  about  the  mouth  is  wrinkled;  small  scars  are  observ- 
able at  the  angles  of  the  mouth  and  also  in  the  lips  near  the  angles 
of  the  mouth,  indicating  the  presence  at  some  period  of  life  of  fissures 
of  the  lips.  The  inferior  and  superior  maxillary  bones  are  often 
narrower  than  normal,  thy  uperior  maxillary  being  acutely  arched. 

Dentition  in  nearly  all  of  these  cases  is  of  a peculiar  type, 
affecting  principally  die  upper  incisors.  (Fig.  147.)  The  teeth  are 
not  placed  close  Together.  They  are  usually  smaller  than  normal, 
are  broader  at  the  base  than  at  the  apex,  are  peg-shaped,  and  present 
a notching  o'  the  free  border.  This  form  of  dentition  was  described 
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first  by  Hutchinson  as  accompanying  this  affection,  and  is  known 
as  Hutchinson  teeth.  (Fig.  147.)  It  should  not  be  confounded 
with  that  in  which  the  enamel  is  defective  at  the  apex  of  the  teeth, 
or  in  which  by  a terraced  appearance  of  the  enamel  different  phases 
in  its  development  are  represented.  Teeth  of  this  character  are 
usually  the  result  ol  rickets  and  of  other  forms  of  malnutrition  in 
the  infant,  (Fig.  148.)  Not  infrequently  the  hearing  in  infants 
with  parenchymatous  keratitis  is  defective,  due  to  involvement  of 
the  auditory  nerve. 

In  parenchymatous  keratitis  the  result  of  acquired  syphilis 
involvement  of  the  cornea  occurs  from  six  months  to  as  many  years 
after  the  appearance  of  the  primary  sore. 

Treatment.  The  treatment  should  be  local  and  constitutional.  In 
parenchymatous  keratitis  due  to  inherited  syphilis  the  treatment  is  not 
the  same  as  that  employed  in  the  cases  due  to  acquired  syphilis.  In 
the  first  form  the  local  treatment  consists  in  the  use  of  atropine 
for  the  purpose  of  maintaining  dilatation  of  the  pupil;  the  use, 
ordinarily,  of  stimulating  applications  to  induce  vascularization  of 
the  cornea,  and  modification  of  the  light  by  dark  glasses,  suitable 
shades,  or  by  keeping  the  patient  in  a dark  room.  In  many  cases 
of  this  disease  stimulation  is  not  necessary  in  the  early  stage,  but 
stimulation,  although  not  necessary  in  many  cases,  is  never  harm- 
ful, and,  in  the  opinion  of  the  writer,  is  desirable  even  in  those  cases 
in  which  the  onset  is  relatively  rapid.  Stimulation  is  effected  by 
means  of  the  introduction  of  suitable  ointments,  either  ointment  of 
yellow  oxide  of  mercury  (1  to  1.5  per  cent.)  or  mercuric  chloride 
(1:  5000),  or  the  instillation  of  stimulating  drugs,  as  the  wine  of 
opium,  or  by  hot  applications  to  the  eye,  usually  by  means  of  moist 
heat  (hot  bathing),  either  with  salt  water  or  a hot  solution  of  boric 
acid  three  or  four  times  a day,  fifteen  to  thirty  minutes  each  time). 
Powders  may  be  dusted  into  the  eye,  the  best  being  calomel.  Calomel 
when  employed,  should  be  introduced  once  a day. 

Internal  treatment  consists  in  the  general  tonic  treatment  of  the 
individual,  and  the  administration  of  a mercurial  with,  possibly, 
potassium  iodide.  Mercurials  have  apparently  a better  effect  than 
the  iodide  ; the  mercurial  may  be  administered  satisfactorily  in  the 
form  of  calomel,  0.1  grain  'our  times  daily.  Children  bear  medica- 
tion of  this  kind  even  better  than  adults. 

Parenchymatous  keratitis  due  to  acquired  syphilis  ordinarily  does 
not  require  stimulation.  In  other  respects  the  local  treatment  is 
similar  to  that  tmployed  in  the  inherited  form.  The  constitutional 
treatment  :s  the  same  as  that  ordinarily  employed  in  acquired 
syphilis.  It  should  be  rigorously  pushed. 

Sclerosing  Keratitis  (von  Graefe).  This  form  of  keratitis  accom- 
panying seleritis  is,  in  fact,  an  extension  of  the  process  into  the  cornea. 
The  opacity  is  of  a grayish-white  color  and  involves  the  deeper 
layers  of  the  cornea.  It  advances  slowly,  seldom  reaching  the 
pupillary  area.  The  opacification  of  the  cornea  does  not  extend 
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beyond  the  affection  of  the  sclera  at  the  periphery  of  the  cornea; 
but  if  the  scleritis  entirely  encircles  the  cornea,  the  sclerosis  may 
have  the  same  extent,  and  may  eventually  produce  cloudiness  of 
the  entire  cornea.  The  density  of  the  opacity  is  least  in  the  parts 
farthest  removed  from  the  margin  of  the  cornea;  the  density  may 
vary  in  the  different  parts  of  the  sclerosed  portion.  On  subsi- 
dence of  the  scleritis  the  opacification  of  the  cornea  subsides  to  a 
certain  degree,  the  clearing  up  of  the  opacity  being  most  marked 
in  the  portions  farthest  removed  from  the  margin  of  the  cornea. 
It  seldom  occurs  that  the  opacification  disappears  entirely. 

The  opacity  of  the  margin  may  become  so  slight  that  it  can  be 
detected  only  by  oblique  illumination.  During  these  processes  the 
corneal  tissue  is  at  no  time  thickened;  as  the  opacification  disap- 
pears the  corneal  tissue  may  become  reduced  in  thickness.  The 
surface  of  the  cornea  during  these  processes  usually  remains  smooth ; 
but  in  not  a few  cases  the  epithelium  at  the  margin  of  the  cornea 
becomes  irregular,  and  some  defects  in  it  may  occur.  _ 

Symptoms.  The  symptoms  are  those  referable  to  the  scleritis,  and 
will  be  described  under  that  heading. 

Treatment.  The  treatment  is  the  same  as  that  employed  in  the 
treatment  of  the  primary  affection — the  scleritis. 

Striated  Opacities  of  the  Cornea.  After  operations  necessitating 
incision  of  the  corneal  tissue,  as  a result  of  tight  bandaging,  and, 
in  some  cases  accompanying  ulceration  of  the  cornea,  long,  narrow, 
grayish  stripes  are  observed  which  traverse  the  cornea  in  \aiious 
directions.  They  are  apparently  unaccompanied  by  inflammation. 
Following  incisions  of  the  cornea,  the  stripes  commence  appai  ent  y 
at  the  margin  of  the  incision  and  extend  in  radiating  lines  to  a con- 
siderable distance  from  the  wound,  sometimes  traversing  the  entire 
cornea.  They  appear  in  from  twenty-four  to  forty-eigM  hours  after 
the  incision  is  made,  and  disappear  very  gradually.  Cases  have 
been  recorded  in  which  the  grayish  lines  remained  permanently. 
The  linear  opacification  may  be  so  slight  as  not  +o  interfere  with 
vision  in  any  way,  and  may  be  sufficiently  dense  to  cause  a decided 
diminution  in  vision.  In  striated  opacity  of  the  cornea  resulting 
from  tight  bandaging,  the  lines  may  cross  each  other  in  all  directions. 
They  are  usually  most  marked  near  r,ho  centre  of  the  cornea.  In 
striated  opacification  accompanying  corneal  ulcer,  the  stria-  radiate 
from  the  margins  of  the  ulcer.  Knies,  Fuchs,  and  others  attribute 
this  form  of  striated  opacification  to  wrinkling  of  Descemet’s  mem- 
brane, that  occurring  aftei  incision  of  the  cornea  being  due  to 
relaxation  of  the  tension  on  the  membrane  at  the  point  of  inci- 
sion, that  from  bandage  pressure  to  a reduction  in  the  tension  of 
the  globe  or  flattening  ol  the  cornea.  Becker  and  von  Reckling- 
hausen demonstrated  the  fact  that  the  lymph  channels  in  the 
cornea  are  sometimes  distended  and  their  contents  turbid,  these 
lymph  channel  > or  tubes  extend  between  the  lamella'  of  the  cornea 
in  straight  lines.  It  has  been  thought  that  the  channels  through 
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which  the  nerve  trunks  pass  become  filled  with  turbid  fluid  and  form 
striations  in  some  cases. 

Treatment.  There  is  little  to  do  for  this  condition.  Resolution 
takes  place  in  the  majority  of  cases,  and  the  transparency  of  the 
cornea  is  restored. 

Infiltration  of  the  Cornea  Originating  from  the  Posterior  Surface. 

In  cases  where  an  exudation,  a lens  dislocated  into  the  anterior 
chamber,  or  a cyst  of  the  iris  lies  against  the  cornea,  an  opacity  may 
form  which  may  involve  the  entire  thickness  of  the  cornea.  ' The 
cornea  appears  to  be  macerated  at  the  point  of  contact,  the  surface 
being  slightly  elevated  above  that  of  the  surrounding  cornea.  Even 
after  removal  of  the  cause  the  opacity  persists,  but  the  swelling 
disappears. 

Deep  Vascular  Keratitis.  This  disease  of  the  cornea  develops 
by  the  advancement  of  minute  vessels  from  the  margin  into  the  deep 
layers  of  the  parenchyma  of  the  cornea.  It  appears  as  a uniform  pale- 
red  or  salmon-colored  patch  occupying  a small  portion  of  the  margin 
of  the  cornea;  it  gradually  broadens  and  extends  into  the  corneal 
tissue,  seldom  passing  beyond  the  pupillary  margin,  and  not  involving 
more  than  one-quarter  of  the  circumference  of  the  cornea.  A very 
narrow  margin  of  infiltration  precedes  the  vascular  patch.  The  patch 
is  densest  at  the  margin  of  the  cornea,  gradually  becoming  thinner 
until  it  ceases  abruptly  at  its  free  border. 

Symptoms.  The  disease  is  accompanied  by  symptoms  of  irrita- 
tion, slight  disturbances  of  vision,  and  photophobia.  The  ocular  con- 
junctiva is  congested  in  the  vicinity  of  the  vascularization  of  the 
cornea. 

Cause.  Deep  vascularization  of  the  cornea  is  due  to  either  inherited 
or  acquired  syphilis.  It  is  probably  met  vita  more  frequently  in 
acquired  than  in  inherited  syphilis. 

Duration.  The  condition  advances  very  slowly,  and  if  not  inter- 
fered with  by  treatment  may  last  from  three  to  six  months.  The 
cornea  again  becomes  transparent  with  the  exception  of  a very  slight 
cloudiness.  Keratectasia  may  eventually  follow'. 

Treatment.  Treatment  shou'd  oe  local  and  systemic.  Local  treat- 
ment consists  in  stimulating  the  process  by  bathing  with  hot  solutions 
(solution  of  boric  acid,  3 per  cent.,  being  usually  employed),  the  use 
of  atropine  to  prevent  posterior  synechias  in  case  of  involvement  of  the 
iris,  and  the  frequem  introduction  of  some  ointment,  as  the  yellow 
oxide  of  mercury,  i per  cent.,  or  the  bichloride,  1:5000,  into  the  con- 
junctival sac.  The  systemic  treatment  should  be  the  ordinary 
antisyphilitic  treatment,  employed  vigorously  for  the  first  few  weeks, 
and  continued  in  a moderate  way  for  some  months  subsequently. 

Ribbon  Keratitis  (Trophic  Keratitis;  Bandolet  Keratitis).'  This 
is  a peculiar  form  of  degeneration  of  the  anterior  layers  of  the  cornea. 
It  occurs  in  eyes  that  have  been  lost  through  glaucoma  and  in  eyes 
afmeted  by  inflammation  of  the  anterior  segment  of  the  globe,  with 
more  or  less  degeneration  of  the  cornea.  The  epithelium  of’  that 
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portion  of  the  cornea  corresponding  to  the  opening  of  the  palpebral 
fissure  becomes  slightly  thickened  and  roughened,  the  cornea  through- 
out this  space  becomes  cloudy,  and  whitish  plaques  resembling 
deposits  of  calcareous  material  appear.  The  process  develops  ex- 
tremely slowly,  and  is  accompanied  by  symptoms  of  irritation  of 
a very  mild  type.  Vision  is  interfered  with  because  of  the  forma- 
tion of  the  opaque  strip  over  the  pupillary  area. 

Treatment.  Aside  from  the  formation  of  an  artificial  pupil  for 
visual  purposes,  treatment  is  of  no  avail. 


Non-inflammatory  Conditions. 

Arcus  Senilis  Cornese  (Gerontoxon).  This  occurs  as  a narrow 
grayish-white  band  which  appears  at  the  margin  of  the  cornea  the 
band  is  separated  from  the  limbus  by  a narrow  strip  of  perfectly 
clear  cornea:  the  line  of  transition  is  sharply  cut;  toward  the  centre 
of  the  cornea  the  gray  band  fades  gradually  into  transparent  cornea. 
This  gray  band  is  due  to  the  presence  of  minute  globules  of  tat 
hyaline  masses,  and  sometimes  calcareous  granules  in  the  superficial 
layers  of  the  cornea.  The  change,  which  is  peculiar  to  adults, 
depends  on  senile  partial  atrophy  of  the  vessels  at  the  limbus. 
Treatment  is  not  necessary. 

Ectasia.  The  classification  adopted  by  Fuchs  is  a very  excellen 
one.  He  divides  ectasia  into  those  of  inflammatory  origin,  which 
include  staphyloma  and  keratectasicc;  and  those  of  non-inflammatory 
origin,  which  include  keratoconus  and  keratoglobus 

Itaphyloma  may  be  either  partial  total,  or  multiple.  Staphyloma 
is  a protuberant  cicatrix,  the  result  of  a perforating  ulcer  of  the 
cornea,  with  involvement  of  the  iris.  The  iris  may  be  surp.y  incar- 
cerated, but  it  is  usually  primarily  prolapsed.  After  a pejorating 
ulcer  of  the  cornea  the  cicatrix  that  forms  may  bulge  as  healing 
progresses,  in  which  case  it  is  termed  primary  staphyloma;  or  the 
cicatrix  may  be  flat  and  bulge  subsequently,  termed  in  this  case 
secondary  staphyloma.  The  shape  of  the  staphyloma  is  usually  cornea  , 
particularly  in  the  partial  staphylomata;  in  total  staphyloma  it  may 
be  spherical,  often  the  edges  are  abrupt,  and  they  may  even  overhang 
the  cornea.  The  degree  of  the  protrusion  varies  greatly.  In  certain 
staphylomata  cicatricial  bands  develop  across  the  surface,  extending 
in  various  directions,  producing  a lobulated  condition  known  . 

either  because  of  the  protrusion  bf  the 
cicatrix  due  to  the  normal  tension  of  the  globe,  the  tissue  being  too 
weak  to  withstand  the  pressure,  or,  as  is  most  frequently  the  case, 
the  staphyloma  develops  because  of  an  increase  of  intra-ocular  tension 
—a  condition  of  secondary  glaucoma.  In  cases  where  the  entire 
pupillary  margi  1 of  the  iris  is  involved  in  the  cicatrix  the  commu 
cation  between  the  anterior  and  posterior  chambers  is  shut  off,  and  a 
increase  m tension  naturally  follows,  because  of  a closure  of  the  nat- 
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ural  ways  for  the  escape  of  secretion  from  the  interior  of  the  eye. 
The  increase  in  tension  usually  conies  on  extremely  slowly.  In  rare 
cases,  however,  the  increase  in  tension  is  rapid,  anil  may  be  attended 
by  inflammatory  symptoms  and  by  pain. 

Consequences.  In  the  early  stages  of  the  formation  of  staphyloma 
vision  is  interfered  with  in  proportion  to  the  extent  of  opacification 
of  the  cornea  and  the  involvement  of  the  free  margin  of  the  iris. 
Lnless  secondary  glaucoma  supervenes,  perception  of  light  is  main- 
tained because  ot  retention  of  the  integrity  of  the  deeper  tissues 
of  the  globe.  With  increase  in  tension  the  staphyloma  continues  to 
enlarge,  and  the  retina,  choroid,  and  ciliary  body  become  atrophic. 
In  many  cases  the  transparency  of  the  lens  is  lost,  the  lens  shrinks, 
and  in  some  cases  is  transformed  into  a thin  opaque  disk.  In  large 
staphylomata  the  apex  is  frequently  exposed,  and  becomes  ulcerated 
or  takes  on  a cutaneous  condition.  Ectropion  of  the  lower  lid  some- 
times results. 

The  anatomical  conditions  present  are  as  follows:  The  iris  always 
lines  the  posterior  surface  of  the  protruding  portion ; superimposed 
on  the  layer  of  iris  is  a layer  of  cicatricial  tissue,  plus  the  elements 
of  the  cornea  that  have  not  been  destroyed  by  the  ulcerative  process 
covering  this  is  a layer  of  epithelium.  The  epithelial  layer  is  thickened 
and  irregular.  The  thickness  of  the  cicatrix  varies  in  different  parts. 
At  the  apex  of  the  staphyloma  no  corneal  tissue  is  found,  but  it  the 
sides  corneal  tissue  is  present.  In  total  staphyloma  of  the  spherical 
variety  it  frequently  happens  that  no  corneal  tissue  enters  into  the  for- 
mation ol  the  protruding  portion.  The  walls  of  the  staphyloma  may 
be  extremely  thin,  perhaps  one-third  of  the  thicl’ncss  of  the  normal 
cornea,  or  they  may  be  thick  and  dense  and  contain  calcareous  deposits. 
Accompanying  the  protrusion  of  the  cicatr  x of  the  cornea  we  may 
also  have  a general  enlargement  of  the  glooe. 

Treatment.  Much  may  be  done  to  pre  vtnfc  the  formation  of  staphy- 
loma in  partial  anterior  synechise,  following  ulceration  of  the  cornea. 
During  the  process  of  healing  of  perforating  ulcer  of  the  cornea 
a compress  bandage  should  be  retained  until  a firm,  flat  cicatrix  is 
formed.  The  eye  should  be  examined  from  time  to  time,  and  if 
there  is  evidence  of  increased  tension,  or  evidence  of  bulging  of 
the  cicatrix,  a broad  iri  leciomy  should  be  made.  After  a staphy- 
loma has  formed,  if  it  is  partial  and  the  anterior  chamber  has  not 
become  entirely  obliterated,  excision  of  a small  crescent-shaped  piece 
of  the  staphyloma  may  be  practised  in  connection  with  the  iridectomy. 
The  eye  may  then  be  bandaged,  and  the  bandage  retained  until  a 
firm  cicatrir  has  formed.  It  may  be  necessary  to  remove  the  lens 
in  some  of  the  cases  treated  in  this  manner.  Ablation  of  the  apex 
of  the  staphyloma  may  be  practised  in  partial  and  in  total  staphy- 
lomata, the  lens  being  removed  at  the  same  time.  The  gap  thus 
produced  may  be  permitted  to  close  under  a compress  bandage,  or  it 
nmy  be  closed  by  sutures.  In  extensive  staphyloma  a very  excellent 
plan  is  to  close  the  opening  by  means  of  the  conjunctiva,  with  or 
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without  a primary  closure  with  catgut  sutures.  In  closure  by  means 
of  the  conjunctiva,  the  conjunctiva  is  dissected  away  from  the  globe, 
beginning  at  the  limbus,  and  then,  by  either  a continuous  (tobacco 
pouch)  suture  or  by  interrupted  sutures,  may  be  drawn  over  the 
wound  and  the  margins  brought  together. 

In  not  a few  cases  of  total  staphyloma,  ablation  of  the  staphyloma 
simply,  does  not  suffice.  The  protruding  portion  may  be  excised, 
the  contents  of  the  globe  removed,  and  a glass  or  metal  ball  inserted. 
Removal  of  the  contents  of  the  globe  (exenteration)  or  enucleation 
must  be  resorted  to  at  times. 

Partial  staphyloma  of  the  cornea  is  self-limited  in  a large  number 
of  cases.  In  total  staphyloma  the  enlargement  of  the  protrusion 
progresses.  Superficial  ulceration  not  infrequently  occurs,  producing 
some  injection  of  the  ocular  conjunctiva,  but  seldom  occasioning 
much  pain.  Perforation  at  the  apex  of  the  staphyloma  occurs  spon- 
taneously; following  this  the  opening  closes,  the  staphyloma,  becomes 
flattened  to  a certain  extent,  the  tension  then  gradually  increases, 
bulging  becomes  marked,  and  rupture  again  takes  place.  This  may 
be  repeated  a number  of  times;  infection  followed  by  panophthalmitis 


is  apt  to  occur. 

Keratectasia.  By  this  term  is  meant  a bulging  of  the  cornea  as 
a result  of  inflammation  without  perforation  and  without  involve- 
ment of  the  iris.  This  condition  may  follow  ulceration  of  the  cornea, 
and  softening  of  the  cornea  as  with  pannus.  An  opacity  is  always 
present  at  the  apex  of  the  protrusion.  Keratectasia  is  almost  always 


partial. 

This  condition  should  not  be  confounded  with  keratoconus,  keratc- 
globus,  or  keratocele.  Keratocele  is  a condition  due  to  bulging  of 
Descemet’s  membrane,  the  result  of  an  ulcerative  process  that  has 
destroyed  the  anterior  layers  of  the  cornea.  It  presents  as  a trans- 
parent bead-like  bulging  of  Descemet’s  membrane  in  the  centre  of 
a grayish  area— the  infiltrated  margins  of  the  ulcer.  Keratectasia 
may  follow  keratocele,  being  the  result  of  the  deposition  of  cicatricial 
tissue  over  the  protruding  portion  of  Descemet’s  membrane.  Ordi- 
narily keratocele  ruptures,  incarceration  r r prolapse  of  the  iris  fol- 
lows, with  the  subsequent  formation  of  adherent  leucoma. 

Results  of  Keratectasia.  Vision  is  disturbed  not  only  on  account 
of  the  opacification  of  the  cornea,  but  also  because  of  the  irregularity 
of  the  curvature  of  the  cornea  affecting  the  pupillary  area. 

Treatment.  Keratectasia  may  be  treated  as  partial  staphyloma, 
by  incision  followed  by  a compress  bandage,  ablation  of  a crescent- 
shaped piece  of  the  corneal  tissue,  or  by  superficial  cauterization  In 
cases  where  the  opac’ty  occupies  a large  portion  of  the  pupillary 
area,  iridectomy  for  reduction  in  tension  as  well  as  for  visual  pui  poses 
may  be  resorted  to. 

Keratoconus  fCcncal  Cornea;  Staphyloma  Pellucida).  (Fig.  149.) 
This  condition  ’esembles  keratectasia;  it,  however,  is  unassociated 
with  inflammation,  and  does  not  present  opacification  of  the  apex 


320 


THE  EYE. 


until  the  condition  has  reached  an  advanced  stage.  It  is  due  to 
thinning  of  the  cornea  and  loss  of  power  to  withstand  the  intra- 
ocular tension.  It  begins  between  the  ages  of  twelve  to  twenty 
years,  and  affects  females  more  frequently  than  males.  The  condition 
develops  in  those  who  suffer  from  malnutrition,  in  those  debilitated 
by  illness,  and  occasionally  in  those  who  use  the  eyes  excessively  for 
close  work. 

Symptoms.  Keratoconus  is  not  accompanied  by  pain  in  its  earliest 
stages.  Its  development  is  brought  to  the  notice  of  the  patient  by 
the  effect  on  vision.  With  the  bulging  of  the  cornea  myopia  and  astig- 
matism are  produced.  The  patient  seeks  relief,  and  is  supplied  with 
glasses  which  soon  require  change.  With  advance  in  the  condition 
vision  becomes  much  impaired,  and  because  of  the  conical  shape  of  the 
cornea  relief  cannot  be  obtained  by  glasses,  as  suitable  glasses  cannot 
be  made  to  correct  the  peculiar  curvatures  produced.  The  change 
in  the  shape  advances  in  many  cases  until  the  conical  condition  is 


Fig.  149. 


Conical  cornea.  (DalR'  mple.) 


very  marked.  The  apex  of  the  cone  becomes  opaque  and  the  process 
limited.  Spontaneous  perforation  mid  resolution  do  not  occur  in 
these  cases. 

Diagnosis.  In  the  very  early  stage  of  keratoconus  diagnosis  is 
not  easy,  but  careful  examination  by  means  of  the  ophthalmometer 
and  by  Placido’s  keratoscope  makes  the  diagnosis  possible. 

Treatment.  The  u«e  oi  glasses  in  the  early  stage  is  advisable. 
In  the  later  stage  improvement  in  vision  may  be  obtained  by  the 
use  of  the  stenopceic  slit;  Raehlman’s  hyperbolic  lenses  are  of  service 
in  some  cases,  in  advanced  cases  improvement  in  vision  may  be 
obtained  by  methods  calculated  to  produce  cicatricial  contraction 
of  the  cornea.  This  may  be  brought  about  by  puncture  at  the  apex, 
by  excisic  n of  a portion  of  the  tissue  at  the  apex,  or  by  use  of 
the  cautery  applied  to  the  apex  of  the  cone.  Removal  of  a small 
circular  portion  at  the  apex  of  the  cornea  by  the  trephine  has  also 
been  resorted  to.  Operative  measures  affecting  the  apex  of  the 
cornea  increase  the  opacification,  which  is  in  almost  every  case 
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directly  in  the  pupillary  area.  As  a consequence  it  becomes  neces- 
sary to  make  an  eccentric  pupil  for  visual  purposes. 

Buphthalmos  (Hydrophthalmos;  Keratoglobus;  Megalo  Cornea). 

This  affection  consists  in  a uniform  enlargement  of  the  globe.  It 
appears  at  or  shortly  after  birth,  and  is  supposed  to  be  due  to  con- 
genital glaucoma.  The  condition  usually  affects  both  eyes.  It  pro- 
gresses extremely  slowly.  In  buphthalmos  the  diameter  of  the  cornea 
is  increased,  the  curvature  of  the  cornea  is  less  acute,  the  anterior 
chamber  usually  deeper.  The  lens  frequently  becomes  dislocated, 
and  as  the  disease  advances  vision  is  slowly  reduced  and  sometimes 
entirely  lost.  In  some  cases  the  cornea  remains  clear  ( keratoglobus 
pellucida );  in  others  it  becomes  cloudy,  the  condition  then  being 
known  as  keratoglobus  turbidus. 

Treatment  is  of  little  avail.  The  general  condition  of  the  patient 
should  be  improved  as  much  as  possible.  Should  the  tension  of  the 
globe  be  increased,  pilocarpine  or  eserine  may  be  employed.  At  the 
best  the  prognosis  is  unfavorable. 

Injuries  of  the  Cornea.  Injuries  of  the  cornea  of  all  degrees  of 
severity  occur.  With  abrasion  of  the  cornea  the  patient  suffers 
intense  pain,  at  first  of  a smarting,  burning  character,  and  a feeling  as 
of  a foreign  body  in  the  eye.  Photophobia  is  also  experienced.  The 
intense  disturbance  produced  by  abrasion  of  the  cornea  is  due  to  the 
injury  to  the  sensory  nerve  filaments  that  terminate  in  this  layer. 
The  symptoms  persist  from  twenty-four  to  forty-eight  hours;  as 
the  epithelium  is  regenerated  they  disappear.  In  incised  wounds 
of  the  cornea  the  pain  is  relatively  slight.  Wounds  of  the  cornea 
require  treatment  to  prevent  infection,  consisting  of  careful  cleans  - 
ing  with  antiseptic  solutions.  Where  the  wound  is  an  extensile  one 
the  margins  may  be  approximated  by  means  of  suture. 

Foreign  Bodies  in  the  Cornea.  The  prominent  position  of  the 
cornea  exposes  it  to  the  contact  of  foreign  bodies  of  all  kinds.  When 
a foreign  body  strikes  the  cornea,  if  the  sensitiveness  of  the  cornea 
is  normal,  the  eyelids  close  involuntarily,  and  if  rhe  loreign  body  is 
not  fixed  in  the  corneal  tissue  it  will  descend  in+o  +i:e  lower  cul-de-sac 
or  become  fixed  on  the  conjunctiva  of  the  upper  lid.  If  the  foreign 
body  remains  attached  to  the  cornea  or  imbedded  in  its  tissues,  a 
scratching  sensation  in  the  lids,  usually  1 he  upper  lid,  is  experienced, 
and  this  is  repeated  whenever  the  oyt  is  opened  or  closed.  The 
foreign  body  may  be  simply  adherent  to  the  epithelial  layer,  it  may 
penetrate  the  epithelium  and  project  Irom  the  surface,  it  may  become 
totally  imbedded  in  the  cornea,  i>r  it  may  pierce  the  corneal  tissue 
and  project  into  the  anterior  chamber.  Particles  that  enter  the 
cornea  do  not,  as  a rule,  pr^Juce  discoloration  of  the  corneal  tissue; 
however,  a hot  cinder  produces  an  eschar  which,  after  the  cinder  is 
removed,  appears  as  a circular  ring  of  brown  tissue. 

The  presence  of  a ioreign  body  on  the  cornea  is  accompanied  by 
photophobia,  laciymation,  and  often  by  pain  that  does  not  entirely 
depart  even  when  the  lids  are  kept  quiet,  and  by  pain  referable  to  the 
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eyeball  and  to  the  corresponding  side  of  the  head.  Soon  injection  of 
the  ocular  conjunctiva  develops;  this  injection  may  be  very  mild, 
or  it  may  be  marked,  varying  according  to  the  degree  of  irritation 
produced.  If  the  foreign  body  is  permitted  to  remain  in  the  cornea, 
it  may  become  loosened  in  a few  hours  or  days  and  be  removed  from 
the  cornea  by  the  mechanical  action  of  the  lids.  It  may  have  carried 
* micro-organisms  into  the  tissues  of  the  cornea,  producing  ulcer;  the 
defect  in  the  cornea  may  become  invaded  by  germs  from  the  con- 
junctiva, which,  gaining  entrance  into  the  tissues  of  the  cornea,  may 
themselves  set  up  a destructive  inflammation. 

Treatment.  After  instilling  a drop  (4  to  10  per  cent,  solution)  of 
cocaine  the  removal  of  the  foreign  body  should  be  attempted.  For- 
eign bodies,  if  superficially  imbedded,  may  often  be  removed  by  means 
of  a small  probang  of  absorbent  cotton  wound  around  the  end  of  an 
applicator.  If  the  foreign  body  is  firmly  imbedded,  it  should  be  lifted 
from  the  corneal  tissue  by  means  of  a spud  or  sharp-pointed  foreign- 
body  needle.  In  certain  cases  it  is  necessary  to  cut  the  corneal 
tissue  about  the  margin  of  the  foreign  body  to  get  beneath  it  to  lift 
it  out.  In  cases  where  the  foreign  body  has  penetrated  the  cornea 
and  projects  into  the  anterior  chamber,  it  is  at  times  necessary  to 
support  it  from  behind  while  the  tissues  are  cut  away  sufficiently 
to  enable  the  surgeon  to  grasp  it  with  a small  forceps.  After 
removal  of  the  foreign  body  the  defect  in  the  cornea  occasions  the 
individual  some  annoyance  until  the  epithelium  has  extended  over  the 
affected  area.  During  this  time  the  eye  should  be  iieansed  with  an 
antiseptic  solution  from  time  to  time  (boric  acid,  d per  cent.);  and 
if  infection  is  feared,  more  energetic  antiseptic  measures  should  be 
employed. 

Blood-staining  of  the  cornea  sometimes  fallows  injuries  to  the  eye 
which  result  in  hemorrhage  into  the  anterior  and  posterior  chambers. 
The  pigmentation  of  the  cornea  is  due  primarily  to  the  entrance  of 
haemoglobin  in  solution  into  the  corneal  tissue  by  way  of  Fontana's 
spaces,  the  haemoglobin  being  ht  result  of  disintegration  of  red 
blood  corpuscles.  It  permeates  the  lymph  canalicular  system  of 
the  cornea,  and  there  undergoes  a change  into  haemosiderin,  an 
insoluble  product  which  is  deposited  in  the  corneal  tissue  in  the 
shape  of  minute,  irregular,  octahedral  crystals.  These  crystals 
occupy  not  only  the  spaces  between  the  lamellae,  but  also  the  spaces 
between  the  connective  bundles  and  fibres  of  the  cornea.  The  color 
of  the  cornea  at  ou  early  stage  is  olive,  with  a tendency  to  red.  This 
soon  becomes  a.  deep  brown.  The  staining  of  the  cornea  occupies 
the  central  portion,  reaching  almost  to  the  limbus  in  marked  cases. 
At  the  lm.bus  an  annular  ring  of  transparent  cornea  is  found,  measur- 
ing one-half  to  one  and  one-half  millimetres  in  width.  The  trans- 
parent ring  of  the  cornea  is  due  to  the  removal  of  the  hemoglobin 
from  the  corneal  tissue;  also  to  the  fact  that  the  alkalinity  of  the 
cornea  is  maintained  at  the  periphery  through  the  influence  of  blood 
in  the  capillaries  of  the  limbus  conjunctive,  preventing  the  change 
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into  hsemosiderin.  The  staining  of  the  cornea  develops  relatively 
slowly  after  the  first  appearance  is  noticed.  It  may  take  from  one 
to  four  weeks  for  it  to  reach  its  height.  In  some  cases  the  staining 
remains  with  little  change  for  months,  but  in  many  absorption  goes 
on  slowly,  and  eventually  the  cornea  may  regain  its  transparency. 
Accompanying  this  condition  we  may  have  secondary  glaucoma, 
loss  of  vision,  and  pain,  depending  not  on  the  condition  of  the  cornea, 
but  on  the  condition  of  the  eye  itself. 

Treatment.  There  is  no  treatment  aside  from  stimulation  by 
means  of  moist  heat,  that  is  of  value  in  this  condition.  Frequently 
the  condition  of  the  eye  is  such  that  enucleation  becomes  necessary. 

Burns  of  the  Cornea.  Burns  of  the  cornea  are  not  very  infrequent. 
They  are  due  to  the  entrance  of  molten  metal,  cinders,  steam,  acids, 
alkalies,  burning  gunpowder,  etc. 

Molten  metal  impinging  upon  the  cornea  seldom  does  much  harm. 
The  surface  epithelium  may  be  destroyed.  The  metal  usually  escapes 
from  the  eye  at  once  or  falls  into  the  conjunctival  sac,  where  the 
greater  damage  is  done. 

Glowing  embers  alighting  on  the  cornea  may  become  adherent 
and  destroy  the  corneal  tissue  to  some  depth;  ordinarily  the  burn  is 
superficial. 

Glowing  cinders  that  fly  into  the  eye  sometimes  become  imbedded 
in  the  cornea,  rendering  necrotic  the  tissue  that  comes  in  direct  con- 
tact with  the  cinder.  Before  recovery  takes  place,  this  necrotic  layer 
of  tissue  must  be  cast  oft. 

Steam  entering  the  eye  may  destroy  the  epithelial  layer  ir  ti  e 
portion  of  cornea  exposed,  usually  a narrow  strip  lying  in  the  hori- 
zontal meridian  corresponding  to  the  palpebral  fissure.  The  treat- 
ment consists  in  cleansing  the  eye  and  instilling  an  antiseptic  or 
aseptic  oily  preparation  sufficiently  often  to  protect  the  affected 
area,  usually  three  to  four  times  daily.  Olive  oil,  with  o per  cent, 
of  boric  acid  or  vaseline,  may  be  used. 

Burns  of  the  cornea  from  acid  usually  affect  the  entire  surface  of 
the  cornea,  turning  it  a grayish  hue,  destroying  the  epithelium,  the 
superficial  layers  of  which  soon  become  detached.  With  burns  of  this 
character  there  are  some  secretion  from  the  conjunctiva,  increased 
lacrymation,  and  swelling  of  the  lids,  Ihe  appearance  presented 
indicating  a grave  lesion.  Except  in  rare  cases,  burns  from  acids 
are  recovered  from  with  little  ff  inv  loss  of  tissue  or  permanent  in- 
jury to  the  eye.  The  treatment  consists  in  thoroughly  cleansing  the 
eye,  using  weak  alkaline  solutions  (bicarbonate  of  sodium  or  very 
weak  ammonia),  and,  as  in  burns  due  to  thermal  agencies,  the  instil- 
lation of  an  oily  substance. 

Burns  of  the  coraea  due  to  an  alkali  are  most  frequently  occa- 
sioned by  the  entrance  of  quicklime  into  the  eye.  The  fine 
particles  of  lime  become  imbedded  in  the  corneal  tissue,  and  the 
escharotic  action  is  continued  for  some  time.  When  first  seen, 
the  affected  a^ea  presents  a grayish  discoloration,  frequently  not 
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very  dense.  The  appearance  of  the  cornea  after  combustion  from 
lime,  as  first  presented,  usually  induces  a more  favorable  prognosis 
than  is  warrantable.  The  opacification  in  almost  all  cases  increases 
in  intensity  as  the  healing  process  advances.  Treatment  in  these 
cases  is  to  free  the  cornea  as  rapidly  as  possible  from  particles  of  lime 
by  washing  with  olive  oil,  which  is  probably  the  most  suitable  for 
this  purpose.  After  the  particles  of  lime  have  been  removed,  the  eye 
should  be  filled  with  syrup  of  cane-sugar,  as  sugar  forms  an  insoluble 
compound  with  lime,  preventing  extension  of  the  destructive  process. 
The  subsequent  treatment  of  burns  from  lime  is  like  that  of  burns 
with  acids  and  thermal  agencies. 

Tumors  of  the  Cornea.  Tumors  of  the  cornea  originating  in  the 
cornea  are  extremely  rare.  Cysts  sometimes  develop,  but  they  are 
the  result  of  inflammatory  processes,  are  usually  extremely  small,  and 
seldom  require  treatment.  Tumors  of  the  cornea  usually  extend 
onto  the  conjunctiva;  they  are  dermoid,  papilloma,  fibroma,  epithe- 
lioma, and  sarcoma.  These  have  all  been  treated  of  in  the  chapter 
on  diseases  of  the  conjunctiva,  and  need  no  further  mention. 


SCLERA. 

The  sclera,  together  with  the  cornea,  forms  the  fibrous  coat  of 
the  eye.  It  is  the  segment  of  a sphere,  the  radius  of  curvature  of 
which  is  about  12  mm.  At  its  junction  with  the  cornea  a depression 
is  found,  which  is  known  as  the  sulcus  sclera1.  The  sclera  is  thickest 
at  its  posterior  part,  where  it  measures  about  i mm.  in  thickness; 
thinnest  near  the  equator,  becoming  slightly  increased  in  thickness 
in  its  anterior  portion,  where  it  receives  the  insertion  of  the  recti 
muscles.  The  anterior  portion  of  the  sclera  is  pierced  by  a number 
of  minute  openings  through  which  pass  .he  anterior  ciliary  arteries  and 
veins.  Some  small  nerve  twigs  also  pass  through  the  sclera  a short 
distance  back  from  the  cornea'  margin.  At  the  equator  of  the 
globe  the  sclera  is  pierced  fcv  four,  sometimes  five,  relatively  large 
openings,  which  give  passage  to  the  large  veme  vorticosau  Pos- 
teriorly a number  of  openings  are  found  which  give  passage  to  the 
short  ciliary  arteries  and  cniary  nerves,  and  a large  opening  to  permit 
the  passage  of  the  opi;c  nerve  fibres.  This  opening,  which  measures 
about  1.5  mm.  in  diameter,  is  traversed  by  connective-tissue  bundles, 
which  are  continuous  with  the  sclera  proper,  forming  what  is  known 
as  the  cribriform  plate.  The  sclera  is  made  up  of  connective-tissue 
fibres,  which  are  not  disposed  in  regular  lamella;  as  are  those  of  the 
cornea,  and  which  run  in  various  directions.  Between  these  bundles 
of  conneclive-tissue  fibres  spaces  are  found  resembling  the  lacuna1 
of  the  cornea.  In  the  sclera  about  the  optic  nerve  entrance  and 
in  its  anterior  portion  branching  pigment  cells  are  found.  These 
are  most  plentiful  near  the  inner  surface  of  the  sclera.  In  certain 
individuals  the  openings  for  the  passage  of  the  anterior  ciliary  veins 
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are  pigmented,  giving  the  appearance  of  a number  of  black  points 
on  the  sclera.  In  certain  individuals,  particularly  those  of  the  colored 
race,  the  pigmentation  of  the  sclera,  anteriorly,  is  very  marked. 

At  its  anterior  margin  the  tissue  of  the  sclera  is  continuous  with 
that  of  the  cornea.  Near  the  anterior  margin  of  the  cornea,  and 
separated  from  its  inner  surface  by  a thin  layer  of  connective-tissue 
bundles,  is  the  venous  sinus  known  as  Schlemm’s  canal.  Externally 
the  sclera  is  covered  by  the  visceral  layer  of  Tenon’s  capsule.  Inter- 
nally it  affords  at  its  anterior  part  attachment  for  the  ciliary 
body  by  means  of  the  ligamentum  annularis.  Posteriorly  the  inner 
surface  of*  the  sclera  is  covered  by  the  lamina  fusca  of  the  choroid, 
the  sclera  being  separated  from  the  choroid  proper  by  the  supra- 
choroidal  lymph  space.  But  few  bloodvessels  are  found  in  the  sub- 
stance of  the  sclera.  The  episcleral  tissue,  however,  is  richly  supplied 
with  bloodvessels,  particularly  in  its  anterior  portion.  The  nerve 
supply  of  the  sclera  is  extremely  scanty.  Posteriorly  the  tissue  of 
the  sclera  is  continuous  with  the  sheath  of  the  optic  nerve. 

Scleritis.  Inflammations  of  the  sclera  are  of  relatively  rare  occur- 
rence, and  may  be  divided  clinically  into  two  forms:  episcleritis, 
(a)  fugacious  and  (6)  persistent,  and  deep  scleritis. 

Fugacious  Episcleritis.  A transient  inflammation  of  the  epi- 
scleral tissue  sometimes  occurs,  the  attack  being  characterized  by 
the  appearance  of  an  injected  area  with  slight  elevation  of  the  con- 
junctiva, the  disease  usually  occupying  from  1/6  to  1/5  of  the  surface 
of  the  sclera  in  -ts  anterior  segment.  The  appearance  of  the  inflamed 
area  is  accompanied  by  symptoms  of  irritation,  manifested  by  an 
increase  of  lacrymation,  perhaps  very  slight  mucoid  secretion, 
slight  pain  in  the  eyeball  radiating  to  the  temple  and  forehead,  and 
photophobia.  The  irritation  is  increased  by  use  of  the  eye  s i or  near 
work.  This  inflammation  of  the  episcleral  tissue  reaches  its  height 
in  from  three  to  four  days,  and  then  gradually  subsides,  every  trace 
disappearing  at  the  end  of  a week  or  ten  days. 

The  affection  is  met  with  in  individuals  at  the  age  of  puberty 
and  in  early  adult  life,  and  is  prone  to  recur  when  the  system  is  in 
a run-down  condition. 

Cause.  Episcleritis  of  this  nature  is  met  with  most  frequently 
in  those  who  present  a rheumatic  or  uric  acid  diathesis.  Undue  use 
of  the  eyes,  eyestrain  consequent  v,n  imperfectly  corrected  errors 
of  refraction  and  imbalance  of  the  ocular  muscles,  exposure  to  inclem- 
ent weather,  use  of  the  eyes  h?  a bright  light,  disturbance  of  diges- 
tion, all  may  contribute  to  bring  on  an  attack. 

Treatment.  Treatment  consists  in  correcting  any  error  of  refraction 
that  may  exist,  in  corrackng  the  condition  of  the  system  which 
predisposes  to  attacks,  and  in  protecting  the  eyes  from  the  influence 
of  bright  light  when  this  is  a factor  in  the  production  of  the  dis- 
turbance. 

Episcleritis  is  characterized  by  inflamed  nodules  which  occur  near 
the  margin  of  the  cornea.  The  area  of  inflammation  is  often  single. 
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The  tissue  at  the  points  affected  is  slightly  raised,  and  is  of  a deep- 
red  or  purplish  hue.  The  bloodvessels  of  the  conjunctiva  overlying 
the  inflamed  area  are  enlarged  and  injected.  The  inflammation 
advances  slowly,  and  is  attended  by  symptoms  of  irritation  that  are 
much  more  severe  in  some  cases  than  in  others,  and  rather  deep 
neuralgic  pain  with  photophobia  is  also  experienced.  Both  eyes 
usually  are  attacked,  and  fresh  areas  may  be  involved  before  subsi- 
dence of  the  process  in  the  part  first  affected. 

Duration.  The  affection  persists  from  four  to  eight  weeks,  but 
may  continue  for  a longer  period.  Recurrences  are  the  rule,  and 
another  attack  may  occur  immediately  after  the  subsidence  of  one 
attack,  or  may  not  occur  until  years  have  elapsed. 

As  a result  of  the  inflammatory  process,  there  is  usually  a slight 
bluish-colored  patch  in  the  sclera,  but  recovery  may  take  place  with- 
out leaving  a trace.  This  disease  usually  attacks  adults,  but  may 
occur  at  the  period  of  adolescence. 

Cause.  Rheumatism  and  gout  are  common  causes.  In  some 
cases  the  cause  is  obscure.  It  is  probable,  however,  that  digestive 
disturbances  are  accountable  for  the  greater  number  of  cases. 

Prognosis.  The  prognosis  is  favorable,  as  a rule.  In  rare  cases 
ectasia  and  inflammation  of  the  deeper  structures  may  result. 

Treatment.  Reuss  advocates  the  use  of  the  constant  current. 
Scarification  has  been  advised  in  cases  where  pain  is  severe,  and 
ointments  of  various  kinds  are  indicated.  The  process  is  most 
favorably  influenced  by  internal  medication,  consisting  of  the  sali- 
cylates, iodide  of  potassium,  and  the  mercurials  n small  continued 
doses. 

The  deep  form  of  scleritis  cannot  readily  be  distinguished  in  its 
onset  from  the  superficial  form,  except  in  degree  of  severity.  Pain 
accompanying  deep  scleritis  is  usually  more  severe.  The  affected 
area  is  of  a deep-purple  hue.  The  elevation  is  somewhat  more  pro- 
nounced. The  affected  area  is  larger,  and  may  extend  around  the 
entire  cornea. 

Accompanying  deep  sclerti*  wc  frequently  have  inflammation 
of  the  cornea  in  the  vicinity  of  the  affected  area,  and  the  deeper 
structure  of  the  eye — iris,  ciliary  body,  and  anterior  portions  of 
the  choroid— also  are  averted.  The  process  attacks  both  eyes  and 
progresses  extremely  slowly. 

The  change  that  fakes  place  leads  to  attenuation  of  the  tissue  of 
the  sclera,  reduces  it  in  thickness,  and  lessens  its  power  of  resistance, 
so  that  it  cannot  withstand  the  normal  intra-ocular  pressure,  and 
becomes  ectatic.  The  bulging  of  the  sclera  is  usually  irregular;  it 
seldom  extends  around  the  entire  cornea,  but  in  the  few  cases  in 
which  tbit  does  occur  the  entire  cornea  is  pushed  forward.  The 
ectasia  usually  occurs  after  subsidence  of  the  inflammation.  When 
the  scleritis  subsides  the  affected  area  presents  a dark-blue  appear- 
ance on  account  of  thinning,  which  permits  the  pigment  of  the 
uveal  tract  to  show  through.  Accompanying  the  formation  of 
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these  staphylomatous  protrusions  disorganization  of  the  interior  of 
the  globe  is  observed.  Vision  is  ordinarily  very  much  impaired. 

Sclero-kerato-iritis  (Scrofulous  Scleritis;  Anterior  Uveitis).  This 
condition  is  one  closely  allied  to  deep  scleritis,  but  differs  from  it 
in  that  the  whole  anterior  segment  of  the  globe  is  affected.  The 
inflammatory  process  usually  begins  at  or  near  the  sclerocorneal 
junction,  and  progresses  as  a deep  scleritis  involving  the  cornea  (which 
takes  on  a condition  of  sclerosis),  the  iris,  the  ciliary  body,  and  the 
anterior  portion  of  the  choroid.  In  addition  to  the  appearances 
and  symptoms  that  accompany  scleritis  and  sclerosing  keratitis, 
symptoms  peculiar  to  involvement  of  the  anterior  portion  of  the 
uveal  tract  are  present.  The  iris  becomes  congested,  loses  its  trans- 
parency, takes  on  a dusky  hue,  and  is  thickened.  The  aqueous 
humor  becomes  turbid  as  a result  of  transudation  of  plastic  lymph 
from  the  bloodvessels  of  the  iris  and  ciliary  body.  There  is  pain  refer- 
able generally  to  the  temple  and  forehead.  The  anterior  portion  of  the 
vitreous  body  becomes  filled  with  flocculi  consisting  of  fibrin.  The 
disease  progresses  very  slowly,  both  eyes  being  commonly  affected. 
Individuals  in  early  childhood  and  at  the  age  of  puberty  are  most 
frequently  attacked.  They  are  individuals  with  inherited  syphilis 
and  those  whose  condition  may  be  described  by  the  term  scrofulous. 
As  a result  of  sclero-kerato-iritis,  sclerosis  of  the  anterior  portion  ol 
the  sclera  and  of  the  cornea  occurs,  followed  in  many  cases  by  sclero- 
ectasue.  The  ordinary  results  of  severe  iritis  are  also  present.  The 
choroiditis  is  followed  by  atrophic  changes  in  that  membrane.  The 
ciliary  body  becomes  atrophic  and  much  elongated  by  the  stretch- 
ing that  accompanies  the  ectatic  process.  The  cornea  is  t lim  eo 
throughout  the  area  involved  in  the  sclerosis  and  becomes  mure  or 

ess  opaque.  . 

The  effect  on  vision  is  pronounced,  the  diminution  depending  on 
the  degree  of  opacity  of  the  cornea  and  the  interfe  e.ice  with  the 
transparency  of  the  media  of  the  eye.  As  a resu  t of  this  process 
the  crystalline  lens  not  infrequently  becomes  opaque,  shrunken, 
and  the  site  of  calcareous  deposits.  In  consequence  of  the  changes 
affecting  the  filtration  angle,  increase  ir  *h‘  tension  ot  the  eyeball 
develops,  secondary  glaucoma  results,  and  otal  loss  of  vision  may 
follow.  The  increase  in  tension  may  also  lead  to  spontaneous  rup- 
ture of  the  glope,  the  rupture  occurring  at  some  point  in  the  ectatic 

portion.  . , . 

Treatment.  Treatment  direct 'd  to  the  correction  of  any  dyscrasia 
of  the  system  that  may  exist  should  be  instituted.  If  the  condi- 
tion accompanies  hereditary  syphilis,  antisyphilitic,  remedies  should 
be  employed.  If  a uric-icid  diathesis  is  present,  it  should  be  cor- 
rected. Local  treatment  consists  in  the  endeavor  to  prevent  the 
formation  of  posterior  synechise.  Hot  bathing  with  a solution  of 
boric  acid  and  the  introduction  of  a mercurial  locally  are  of  ser- 
vice. Ointments  of  the  yellow  oxide  and  mercuric  chloride  appear 
to  be  best  suited.  As  a matter  of  fact,  local  treatment  seems  to 
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have  little  effect  in  arresting  the  progress  of  this  condition.  In  eyes 
affected  by  this  disease  more  or  less  serious  damage  is  wrought. 

Scleral  ectasise  (staphyloma  of  the  sclera)  are  classified  as 
anterior,  equatorial,  and  posterior.  Anterior  ectasia;  may  be  single 
or  multiple.  They  may  be  annular,  extending  entirely  around  the 
periphery  of  the  cornea.  At  the  equator  the  ectasiae  may  present 
the  same  conditions  present  in  the  anterior  segment.  Posterior  ectasia; 
are  usually  single,  and  frequently  include  the  optic  nerve  entrance. 
Scleral  ectasia;  present  a bluish  appearance,  because  of  the  pigmented 
uvea,  which  shows  through  the  thinned  sclera. 

Cause.  Staphylomata  are  produced  either  because  of  a reduction 
in  the  power  of  the  sclera  to  withstand  the  normal  intra-ocular 
pressure  or  tension,  weakness  of  the  scleral  coat  being  either  inherent 
or  the  result  of  disease ; or  it  is  due  to  an  increase  in  the  intra-ocular 
tension  above  the  normal  and  above  the  power  of  the  sclera  to 
withstand. 

Scleral  ectasia;  are  most  frequently  due  to  scleritis.  When  intra- 
ocular pressure  only  is  the  cause,  equatorial  staphyloma  usually 
Jesuits.  If  the  weakness  is  structural  and  congenital,  the  staphyloma 
usually  occurs  at  the  posterior  pole.  Staphyloma  not  infrequently 
accompanies  neoplasms  of  the  interior  of  the  eye.  In  certain  cases 
ectasia  of  the  sclera  reaches  enormous  dimensions,  as  in  the  case 
of  scleral  cyst  accompanying  microphthalmos. 

Treatment.  After  ectasia;  of  the  sclera  have  developed,  treatment 
is  of  no  avail.  As  a prophylactic  measure  in  inflammat  or y conditions 
which  have  resulted  in  the  formation  of  posterior  sv.nechke,  iridec- 
tomy may  be  useful,  and  in  cases  of  glaucoma,  either  primary  or 
secondary,  the  same  procedure  may  prevent  development  of  ectasia; 
by  reducing  the  intra-ocular  tension. 

Syphilis  of  the  Sclera.  Syphilitic  involvement  of  the  sclera  is 
seldom  observed.  When  it  does  occur,  it  manifests  itself  in  the  form 
of  gumma,  usually  affecting  the  anterior  segment  of  the  sclera  Cases 
have  been  observed  in  which  the  posterior  portion  of  the  sclera  has 
been  the  seat  of  a gummatous  mass  When  gumma  of  the  sclera 
occurs  in  a visible  portion,  it  presents  itself  first  as  a small  nodule 
simulating  a large  phlyctenu'e.  It  increases  in  size  quite  rapidly  the 
elevation  becoming  pronounced,  the  base  of  the  elevation  being  deep 
red  in  color  and  the  congestion  extending  for  some  distance  into 
the  surrounding  tissue.  The  apex  of  the  elevation  is  of  a yellowish 
hue.  1 he  growth  is  circular  at  its  base.  It  may  reach  a diameter  of 
cm.  to  2 cm.  t treatment  is  not  instituted,  ulceration  takes  place 
at  the  apex,  t ue  to  breaking  down  of  the  tissue,  and  destruction  of 
the  eye  may  ensue.  The  tumor  is  rather  firm  in  consistence,  and  is 
elastic  A may  be  mistaken  for  sarcoma.  A microscopical  examina- 
tion ot  excised  parts  may  disclose  the  presence  of  cells  which  closelv 
resemole  those  of  sarcomatous  tissue.  Sarcoma  of  the  sclera  as  a 
primary  disease  is  extremely  rare,  and  the  presence  of  a growth  such 
as  nas  just  been  described  should  always  awaken  suspicion  of 
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a syphilitic  origin.  The  history  of  the  case  is  not  always  to  be 
relied  upon  to  substantiate  the  diagnosis.  Gumma  of  the  sclera  is 
seldom  met  with  in  children,  but  is  an  occasional  manifestation  of 
tertiary  syphilis  in  adults.  The  writer  has  never  seen  a process  of 
this  kind  occurring  as  a result  of  inherited  syphilis.  In  these  cases 
the  tissue  of  the  sclera  is  invaded  by  a small-cell  infiltration.  Fibres 
of  the  sclera  are  pressed  apart,  and  some  disappear  absolutely.  As 
the  process  subsides,  if  scleral  tissue  has  been  destroyed,  it  is  replaced 
by  cicatricial  tissue. 

Treatment.  Under  vigorous  antisyphilitic  treatment  of  the  usual 
kind  gumma  of  the  sclera  subsides  with  marvellous  rapidity,  and, 
if  the  deeper  tissues  of  the  globe  are  not  involved,  no  trace  of  the 
tumor  is  left. 

Tumors  of  the  sclera  other  than  that  just  mentioned  do  not  occur 
as  primary  growths. 

Injuries  to  the  Sclera.  The  sclera  is  subject  to  injuries  of  various 
kinds:  perforating  wounds,  incised  wounds,  lacerating  wounds,  and 
rupture  of  the  sclera.  Perforating  wounds  of  the  sclera,  if  made  with 
sharp  and  non-infected  instruments,  are  usually  of  little  importance, 
provided  the  perforation  be  small  and  occur  back  of  the  ciliary 
region.  If,  however,  the  wound  is  large,  permitting  prolapse  of  a 
portion  of  the  ciliary  body,  the  effect  on  vision  may  be  disastrous. 
Non-infected  wounds  heal  rapidly.  It  occurs  from  time  to  time  that 
perforating  wounds  of  the  sclera  result  in  total  detachment  of  the 
retina  without  suppuration  and  without  inflammatory  reaction  of 
any  appreciable  degree.  A case  in  point  is  that  of  a woman  who, 
when  shaking  a carpet,  felt  a twinge  in  the  eye,  and  found  hat  a 
carpet  tack  had  pierced  the  sclera  about  7 mm.  from  th:  sclero- 
corneal  margin.  She  removed  the  tack  by  traction  and  presented 
herself  at  the  hospital  within  twenty-four  hours.  At  that  time  a 
small  opening  could  be  detected  in  the  sclera,  into  which  a bead  of 
vitreous  projected.  There  was  but  slight  injection  of  the  sclera  and 
conjunctiva,  and  the  opening  in  the  sclera  had  already  become  closed 
by  plastic  lymph.  Examination  with  the  ophthalmoscope  disclosed 
the  point  of  entrance  of  the  tack.  There  was  no  hemorrhage  in  the 
vitreous  and  very  little  blood  surrounded  the  opening.  The  eye  was 
bandaged  and  the  patient  removed  tc  her  home.  No  inflammation 
resulted.  In  the  course  of  four  week.'  complete  detachment  of  the 
retina  developed. 

Perforating  wounds  of  the  sclera  may  result  in  infection  of  the 
eyeball  and  loss  of  the  globe  by  panophthalmitis. 

Lacerating  Wounds.  Lacerating  incised  wounds  ot  the  sclera,  il 
they  occur  posterior  to  the  ciliary  region  and  are  not  of  great  extent, 
may  be  closed  eithcr  by  a scleral  or  conjunctival  suture,  and  recovery 
may  occur  with  lit  tit  or  no  loss  of  vision.  Clean  incised  wounds  oi 
the  sclera,  ever  those  which  involve  the  ciliary  region,  may  also 
heal,  if  properly  closed,  without  loss  of  vision.  In  the  latter  form 
of  wound  in  the  sclera  the  prolapse  of  vitreous  and  prolapse  of  the 
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ciliary  body,  if  they  occur,  should  be  excised.  The  wound  may 
then  be  closed  by  scleral  or  conjunctival  suture. 

Lacerating  wounds  affecting  the  ciliary  body  result  in  almost  every 
case  in  loss  of  the  eye.  Removal  of  the  eye,  frequently,  is  not  at 
once  necessary ; but  as  the  scar  contracts  painful  symptoms  develop, 
and,  in  some  cases,  symptoms  of  sympathetic  disturbance  of  the  other 
eye  become  pronounced  and  render  enucleation  necessary. 

All  cases  of  wound  to  the  sclera  should  be  treated  on  strictly  anti- 
septic principles.  Prolapsing  tissue  should  be  excised  if  an  attempt 
is  to  be  made  to  save  the  globe.  Under  ordinary  circumstances  the 
patient,  whether  suffering  from  a perforating  wound,  an  incised  or 
a lacerating  wound  of  the  globe,  should  be  put  to  bed,  and  compress 
bandages  applied  until  recovery  is  well  advanced. 

Rupture  of  the  Sclera.  Rupture  of  the  sclera  occurs  in  the  majority 
of  cases  within  the  zone  included  in  a strip  1 cm.  wide  from  the 
margin  of  the  cornea.  A blow  on  the  eye  from  whatever  source  may 
produce  such  a rupture.  The  rupture  takes  place  above  most  fre- 
quently. It  occurs  in  the  shape  of  an  irregular  line  extending  from 
near  the  margin  of  the  cornea  diagonally  backward,  and  measures 
in  the  majority  of  cases  about  2 cm.  in  length.  The  ciliary  body 
and  the  anterior  portion  of  the  choroid  are  usually  pushed  into  the 
wound,  and  present  as  a dark  line  following  the  wound;  while  the 
crystalline  lens  may  be  forced  out  of  the  eye  and  lie  beneath  the 
conjunctiva.  Subconjunctival  hemorrhage  occurs,  which  extends  to 
some  distance  from  the  wound,  sometimes  extending  beneath  the 
entire  ocular  conjunctiva.  The  anterior  and  vitreous  chambers  are 
more  oi  less  filled  with  blood.  Such  wounds  frequently  occur  with- 
out rupture  of  the  conjunctiva. 

Rupture  of  the  sclera  is  not  necessarily  confined  to  the  anterior 
segment  of  the  globe.  In  rare  cases  it  occurs  in  the  posterior  segment 
of  the  globe.  It  is  then  manifest  by  a greater  or  less  degree  of 
exophthalmos  due  to  the  presence  of  blood  in  the  orbital  tissues. 
Cases  in  which  the  rupture  is  very  slight  may  result  in  recovery 
without  loss  of  vision  and  without  a painful  globe,  but  such  are  very 
rare.  J 

In  the  early  stage  of  runt  are  of  the  sclera  in  the  ciliary  region  pain 
may  be  relatively  slight,  and,  to  the  inexperienced,  the  prospects  of  a 
favorable  recovery  may  appear  bright.  However,  eventually  the  con- 
ditions above  described  almost  invariably  develop,  and  enucleation 
must  be  resorted  to. 

Foreign  Bodies  in  the  Sclera.  Foreign  bodies  in  the  sclera  are 
seldom  present  without  perforation  and  entrance  into  the  posterior 
chamber  of  the  eye,  the  result  to  the  sclera  being  usually  a wound 
simply.  When  the  body  has  remained  imbedded  in  the  sclera,  it 
should  be  removed,  its  removal  being  effected  by  the  means  ordinarily 
employed  to  remove  foreign  bodies  from  other  tissues  of  the  body. 


EMBRYOLOGY  OF  THE  EYE;  ANOMALIES,  DISEASES, 
AND  INJURIES  OF  THE  IRIS,  CILIARY  BODY, 
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By  H.  V.  WURDEMANN,  M.D. 


EMBRYOLOGY  OF  THE  EYE. 

General  Development.  The  eye  begins  its  development  as  a bud- 
ding of  the  mesodermic  and  ectodermic  layers  of  the  embryo,  called  the 
primary  optic  vesicle,  connected  with  the  brain  by  the  optic  pedicle 


Fig.  150. 
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or  stalk,  which  subsequently  becomes  the  optic  nerve.  (Fig.  150.) 
The  develops  e:«t  of  the  mesodermic  portion  is  so  slow  in  the  majority 
of  embryos;  t^t  the  vesicle  is  not  fully  covered  by  this  structure, 
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and  thus  remains  in  intimate  connection  with  the  ectoderm,  being 
at  first,  histologically,  very  much  like  the  brain  vesicle.  (Plate 
X.,  A.) 

The  primary  optic  vesicle  then  becomes  thicker,  becoming  invagi- 
nated,  forming  the  primary  optic  cup  (Plate  X.,  B) ; the  ectoderm 
lying  over  the  eyebud  becomes  thickened,  and  at  the  same  time 
sinks  into  the  subjacent  invaginated  optic  vesicle,  forming  a depres- 
sion known  as  the  lens  pit  or  secondary  optic  cup.  (Plate  X.,  C.) 
The  mesoderm  does  not  cover  this  place,  but  the  ectoderm  thickens, 
ultimately  forming  the  lens.  At  this  time  the  eye  has  somewhat 
the  form  of  a pair  of  scissors,  the  points  projecting  upward.  (Plate 
X.,  D.)  These  points  soon  coalesce,  covering  the  secondary  cup, 
closing  over  the  lens,  and  developing  the  cornea.  (Plate  X.,'  E.) 

As  development  goes  on,  the  invaginations  progress  with  uni- 
form rapidity  until  the  lens  sac  reaches  completion,  when  the 
expansion  of  the  inner  wall  of  the  latter  no  longer  keeps  pace  with 
the  pushing  in  of  the  optic  vesicle,  and  thus  forms  a space,  the  primi- 
tive vitreous  chamber.  (Plate  X.,  F.)  The  portion  of  the  wall  invagi- 
nated by  the  process  of  involution  undergoes  proliferation,  forming  the 
retinal  layer.  The  outer  layer  of  the  optic  vesicle  increases,  but 
becomes  so  attenuated  that  by  the  time  the  retinal  layer  comes 
into  contact  with  it,  it  is  so  thin  that  it  forms  ultimately  but  a single 
layer  of  cells,  the  retinal  epithelium.  (Plate  XI.,  A,  F,  G.)  The 
inner  wall  thickens  and  forms  the  essential  nerve  elements  of  the 
retina.  The  lower  portion  of  this  double-layered  vesicle  is  not  com- 
pleted, but  forms  a hiatus,  the  foetal  ocular  or  choroidal  cleft,  which 
soon  narrows  and  finally  closes,  but,  before  doing  this, -allows  the 
entrance  of  mesodermic  tissue,  which  constitute?  the  primary  vitreous 
stroma.  The  imprisoned  mesodermic  tissue  in  the  optic  stalk  is 
represented  later  by  the  central  vessels  of  the  retina  and  the  associated 
connective  tissue  of  the  optic  nerve.  The  optic  stalk  becomes  the 
optic  nerve,  chiasm,  and  tract, 

Lens.  All  of  the  lens,  except  the  capsule,  is  of  ectodermic  origin. 
Early  in  development  the  optic  cup  moses  (Plate  X.,  E),  the  inner  wall 
becoming  thicker  than  the  outer.  The  thickening  progresses,  so  that 
by  the  time  the  lens  sac  has  become  completely  isolated  from  its 
attachment  to  the  surface  ectoderm  its  walls  consist  of  two  or  three 
layers  of  epithelial  cells,  limited  externally  by  a delicate  membrane, 
the  lens  capsule.  The  obliteration  of  the  cavity  of  the  lens  sac  ami 
the  conversion  of  the  organ  into  a solid  mass  are  effected  by  a phe- 
nomenal growth  and  elongation  of  the  epithelial  elements  composing 
its  posterior  or  internal  wall,  which  rapidly  increases  in  length, 
becoming  converted  into  the  primitive  lens-fibres.  (Plate  XI.,  A.) 

From  the  unusual  demands  made  by  the  young,  rapidly  growing, 
and  non  vascular  lens  on  the  surrounding  tissue  for  nutrition,  a special 
temporary  structure  develops,  the  tunica  vasculosa  lentis  (Fig.  152), 
wh’ch  completely  surrounds  the  young  lens  from  the  second  month 
toward  the  end  of  gestation,  at  which  period  it  usually  becomes 
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elements  formed  from  the  mesoderm.  In  the  process  of  development 


a bud  of  mesoderm  is  pushed  into  the  eye  through  the  choroidal  c e t, 
which  soon  grows  and  acquires  bloodvessels.  Through  these  vessels 
leucocytes  and  round  and  spindle  cells  are  produced  ; the  former 


have  amoeboid  movements,  and  the  latter  are  fixed  cells.  These 
actively  proliferate,  filling  the  space  between  the  primitive  lens  and 


.actively  uruiuciaw,  ^ ~ — . * ? ,1 

the  retinal  layer  of  the  optic  cup,  forming  the  substance  of  the 


Bloodvessels.  The  bloodvessels  of  the  eye  are  developed  from 
ingrowths  of  mesodermic  tissue.  Coincidental  with  the  growth  of 
the  primitive  vitreous  an  artery  and  vein  develop  in  the  optic  nerve, 


Fig.  152. 


Fig.  151. 


Fig.  151— Bloodvessels  of  the  embryonic  eye.  Pig  embryo.  Magnified  7 K'  diameters.  (After 

S°FiGLT15i-Tbe  pupillary  membrane  and  bloodvessels  of  tbe  iris,  p e embryo.  The  arteries 
springing  from  the  circulus  arteriosus  of  the  pupillary  membrane  . re  'irst  visible  in  the  pupil. 
(After  Schultze.) 


which  later  become  the  arteria  centralis  retinae  and  veins;  an  artery 
develops  in  the  vitreous  (the  hyaloid),  going  to  the  posterior  pole 
of  the  lens  Then  the  vitreous  becomes  abundantly  supplied  with 
capillaries  (Plate  XI.,  A),  which  net-  blood  supply  permits  of  increased 
nutrition,  resulting  in  rapid  pro, deration  of  the  mesodermic  vitreous 
and  growth  of  the  lens.  Dm  mg  the  last  weeks  of  foetal  life  the  blood- 
vessels of  the  vitreous  and  the  lens  disappear,  leaving  a passage,  the 
hyaloid  canal.  If  the  hyaloid  artery  does  not  fully  atrophy,  vestiges 
may  be  seen  later  in  life  by  the  ophthalmoscope. 

Retina.  The  retina  is  formed  from  the  eye  cup  by  early  differen- 
tiation of  the  outer  and  inner  layers.  By  the  time  the  infolded  por- 
tion of  the  vesicle  has  become  closely  attached  to  the  outer  segment 
u ,o  i m«nv  timps  in  thickness  (Plate  XI.,  D,  F,  G);  the 
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latter  thins,  but  early  accumulates  pigment  cells,  first  at  the  anterior 
pole,  which  gradually  extend  to  the  posterior  pole,  ultimately  becom- 
ing the  pigmented  retinal  epithelium.  (Plate  XI.,  A.)  The  prolifera- 
tion of  the  inner  layer  results  in  the  formation  of  two  varieties  of 
tissue,  the  nervous  and  the  sustentacular  tissue.  The  nervous  layer 
differentiates  into  the  nerve  cells,  their  outgrowths,  and  the  epith 
elium.  The  latter  eventually  forms  the  outer  nuclear  layer  and  the 
rods  and  cones,  these  two  constituting  the  vision  cells.  (Fig.  153.) 

The  sustentacular  tissue  extends  through  the  thickness  of  the 
retina  and  gives  support  to  the  nervous  elements  forming  the  radial 
fibres  of  Muller.  Besides  this,  there  are  outgrowths  of  true  connective 
tissue  coming  from  the  surrounding  mesoderm,  which  accompany 
the  ramifications  of  the  retinal  arteries;  all  this  portion  forms  the 
pars  optica  retinae.  The  anterior  marginal  zone  of  the  optic  cup 
becomes  a thin,  deeply  pigmented  layer  of  epithelium,  covering  the 


Fig.  153. 


Development  of  the  retina.  Human  e nu"vo.  3.8  mm.  long.  (After  Falchi.) 


ciliary  body,  pars  ciliaris  retinae,  and  the  posterior  surface  of  the 
iris,  pars  lndica  retinae.  The  anterior  edges  of  the  cup  form  into 
ridges,  becoming  the  ora  sen  ata. 

Optic  Nerve  and  Tracts.  The  anterior  portion  of  the  optic  stalk 
becomes  the  optic  nerve,  the  middle  portions  of  either  side  unite 
to  form  the  chiasm,  and  the  posterior  portions  become  the  optic  tracts. 
At  first  the  op+ie  stalk  is  a short  tube  between  the  primary  optic 
vesicle  and  the  mid-brain.  (Plate  X.,  A,  B,  C,  D.)  The  invagination 
affecting  the  mwer  wall  of  the  optic  vesicle  forming  the  choroidal 
fissure  a%  s the  optic  stalk  at  the  ocular  end,  allowing  the  entrance 
of  vascular  mesoderm,  from  which  arise  the  retinal  bloodvessels.  As 
the  lo  ver  wall  of  the  stalk  folds  in,  its  lumen  becomes  obliterated 
bjr  apposition  of  its  walls  and  thickening  due  to  active  proliferation 
tic  yoimg  optic  nerve  becoming  solid,  the  imprisoned  mesoderm 
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producing  the  accompanying  bloodvessels  and  the  connective  tissue 
surrounding  them.  The  nerve  fibres  are  developed  from  neuroblasts 
passing  from  the  retina  toward  the  brain  and  others  growing  from 
the  brain  toward  the  retina.  The  sheaths  of  the  optic  nerve  and  the 
septa  are  produced  by  continuation  of  the  mesoderm,  which  forms 
the  cerebral  dura,  arachnoid,  and  pia. 

Uveal  Tract  (Choroid,  Iris,  and  Ciliary  Body).  The  large  amount 
of  vascular  tissue  in  the  iris,  ciliary  body,  and  choroid  shows  that 
the  tunica  vasculosa  oculi  or  uveal  tract  has  been  developed  from 
the  mesoderm.  In  the  early  differentiation  of  the  eye  structures 
the  lens  sac  becomes  separated  from  the  overlying  ectoderm  by  a 
thin  stroma  of  mesodermic  tissue,  which  becomes  cleft  in  develop- 
ment (Plate  XI.,  D),  one  part  remaining  over  the  outer  surface  of 
the  lens,  and  the  other  adhering  to  the  inner  surface  of  the  ectoderm. 
The  former  constitutes  the  pupillary  membrane  and  the  latter  the 
substantia  propria  of  the  cornea,  the  space  between  forming  the 
anterior  chamber.  The  forward  growth  of  the  thin  double-layered 
lip  of  the  optic  cup  beyond  the  edge  of  the  lens  and  over  its  anterior 
surface  forms  the  ciliary  body  and  the  iris;  extending  backward, 
it  forms  the  primitive  choroidal  stroma  which  accompanies  the 
retinal  tissue  in  its  growth  forward.  Almost  the  whole  of  the  an- 
terior surface  of  the  lens  becomes  covered,  with  the  exception  of  a 
central  area  corresponding  to  the  pupil,  which  is  closed  first  by  the 
vascular  pupillary  membrane.  (Figs.  151  and  152.)  Further  attenu- 
ation of  the  epithelial  cells  on  the  edge  of  the  lips  of  the  optic  cun 
forms  the  columnar  and  cuboidal  elements  of  the  pars  ciliaris  and 
pars  iridica  retinae.  The  pigmentation  of  the  cells  increases  ui  til 
the  anterior  portion  of  both  layers  forms  the  conspicuous  pigment 
of  the  posterior  surface  of  the  iris  and  the  ciliary  body.  About 
the  third  month  of  foetal  life  the  epithelial  cells  surrounding  the 
equator  of  the  lens  form  into  a series  of  radial  folds,  into  which 
delicate  processes  of  mesodermic  tissue  extend,  developing  into  the 
vascular  structures  of  the  ciliary  processes.  The  outer  stroma  of 
the  pars  ciliaris  becomes  pigmented,  the  inner  layer  remaining  un- 
colored. 

Cornea  and  Sclera.  With  the  exception  of  the  corneal  epithelium, 
the  lens,  and  the  nervous  tunic  with  its  cerebral  attachments,  all 
of  which  are  derived  from  the  ectoderm,  the  other  parts  of  the  eye- 
ball are  developed  from  the  mesoderm  surrounding  the  primary  optic 
vesicle.  At  the  same  time  that  the  many  changes  hitherto  described 
occur  in  the  optic  vesicle  the  surrounding  mesoderm  exhibits  marked 
proliferation  and  condensation,  resulting  in  the  production  of  a dis- 
tinct envelope  of  embryonic  connective  tissue.  The  posterior  segment 
of  this  mesodermic  capsule  differentiates  late  in  foetal  life  into  an 
outer  dense  tunic  which  becomes  the  sclerotic  coat;  the  anterior 
portion  becomes  earlier  differentiated  into  the  substantia  propria  of 
the  cornea,  being  developed  from  a homogeneous  mass  which  fills 
the  small  cleft  oetween  the  anterior  pole  of  the  lens  and  the  ectoderm 
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which  forms  the  corneal  epithelium.  Between  the  anterior  surface 
of  the  lens  and  this  mass,  mesodermic  cells  go  in  and  form  the  endo- 
thelium of  the  cornea.  (Plate  XI.,  F,  G.)  These  cells  throw  out 
projections  piercing  the  mass  and  forming  the  corneal  corpuscles; 
the  posterior  layer  of  the  homogeneous  mass  remains,  forming  the 
lamina  elastica  posterior,  and  the  anterior  portion  forms  the  lamina 
elastica  anterior.  Precorneal  bloodvessels  develop  later,  but  disap- 
pear before  birth.  (Plate  XI.,  A.) 

Ocular  Appendages  (Eyelids,  Conjunctiva,  Muscles,  Glands,  and 
Orbital  Tissues).  The  eyelids  develop  early  as  an  upper  and  a lower 
fold  of  the  ectoderm,  which  grow  over  the  corneal  surface  until  they 
meet  and  fuse,  this  taking  place  early  in  the 
third  month  of  foetal  life  in  man,  continuing 
until  shortly  before  birth,  when  the  permanent 
separation  is  effected  by  cleavage  along  the  line 
of  juncture.  (Plate  XI.,  A.) 

The  hairs,  the  glands,  lymphatics,  tarsal  and 
bulbar  conjunctiva,  and  the  anterior  epithelium 
of  the  cornea,  are  developed  from  the  ectoderm. 
The  lacrymal  passages  appear  early  as  a fissure 
(about  the  thirtieth  day),  being  developed,  as 
are  the  tear  glands  and  tear  sacs,  by  mfoldings 
of  the  ectoderm.  (Fig.  154.)  The  ocular  mus- 
cles, together  with  Tenon’s  capsule  the  connec- 
tive tissue,  and  various  structures  within  the  orbit,  with  the  excep- 
tion of  the  nerves,  are  derived  from  the  mesoderm. 


Fig.  154. 


Human  embryo  of  thirty- 
one  days.  Magnified  5 di- 
ameters. (After  His.) 


ANATOMY  AND  PHYSIOLOGY  0 ? THE  UVEA. 

If  the  outer  coat  of  the  eyeball,  whii  h is  composed  of  the  cornea 
and  sclera,  be  removed,  a grape-kke  body  is  exposed,  which  is  the 
uvea  or  middle  coat  of  the  eyeball.  The  anterior  portion  is  com- 
posed of  the  iris,  which  is  a diaphragm  in  front  of  the  lens  with 
a central  opening  forming  +n°  pupil  ; it  extends  to  the  junction  of 
the  cornea  and  sclera,  where  it  is  continued  as  the  ciliary  body; 
this  being  seen  on  ci  oss- section  is  triangular  in  shape,  and  is  a 
circular  organ  about  2 mm.  wide,  which  is  continued  posteriorly  as 
the  choroid  to  the  opening  in  the  sclera  which  admits  the  optic 
nerve.  The  whole  uvea  is  soft  and  friable,  the  choroidal  portion 
being  composed  mainly  of  connective  tissue  and  bloodvessels,  whose 
function  is  to  cover  and  nourish  the  essential  parts  of  the  eye.  The 
anterior  poition  or  iris  is  a photostat,  and  has,  in  addition,  muscular 
elements,  the  ciliary  body  is  composed  of  nervous,  vascular,  and 
muscu'ar  elements  which  have  to  do  with  secretion,  excretion,  and 
tl  e function  of  accommodation. 

Iris.  Macroscopic  Anatomy.  The  iris  is  a membranous  and  mus- 
cular diaphragm  containing  a central  opening,  the  pupil.  It  extends 
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A.  Microscopic  Section  of  Iris  in  Iritis.  B.  Microscopic  Section  of  Normal  Iris.  C.  Superficial 
Layers  of  the  Flat  Portion  of  a Ciliary  Process  in  Meridianal  Section.  D.  Meridianal  Section  of 
Portion  of  Ciliary  Process  near  Apex.  E.  Albinotic  Eye  ; no  Pigment  in  Pigment  Cells.  F.  Tes- 
sellated Fundus;  Pigment  Confined  to  Stroma.  G.  Negroid  Fundus;  Deeply  Pigmented  in 
both  Retinal  Layer  and  Stroma.  A.  Arteries.  V.  Veins.  P.  Perivascular  Lymph  Spaces. 
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from  the  anterior  surface  of  the  ciliary  body  over  the  lens ; its  central 
or  pupillary  border  lies  and  glides  upon  the  anterior  capsule  of  the 
lens,  thus  obtaining  a firm  support.  The  ciliary  border  or  root  of 
the  iris  is  more  posterior,  on  account  of  the  shape  of  the  lens,  and 
thus  the  iris  forms  a shallow  truncated  cone;  its  ciliary  border  is 
separated  from  the  lens  by  a space,  the  posterior  chamber.  If  the 
lens  be  absent,  the  iris  loses  its  support,  is  tremulous  (iridonesis), 
and  extends  in  a plane.  For  normal  appearance  of  the  iris,  see 
Fig.  6. 

Microscopic  Anatomy.  On  section  the  iris  is  seen  to  be  composed 
of  several  distinct  layers  (Plate  XII.,  A):  1.  Anterior  endothelium. 
2.  Anterior  boundary  layer.  3.  Vascular  stroma  layer.  4.  Pos- 
terior limiting  layer.  5.  Pigment  layer,  composed  of  (a)  the  outer 
or  anterior  layer  of  pigmented  spindle  cells,  and  ( b ) inner  or  posterior 
layer  of  pigmented  polygonal  cells. 


Fig.  155. 


Posterior  layers  of  the  iris  of  an  albinotic  human  eye.  Magnified  350  times.  .'ter  Fuchs.) 


The  stroma  of  the  iris  consists  of  numerous  blood  vessels  enclosed 
in  a thick  adventitia,  which  run  in  a radial  direction  from  the  ciliary 
to  the  pupillary  margins,  and  are  surrourcled  by  a loose  meshwork 
of  branched  and  pigmented  cells.  There  is  a flat  band  of  smooth 
muscular  fibres  lying  close  to  the  posterior  surface  of  the  iris  and 
near  the  pupillary  margin,  which  composes  the  sphincter  muscle  or 
constrictor  pupillse.  On  the  anterior  surface  is  a dense  layer  of  cells, 
the  anterior  endothelium,  and  next  to  this  a homogeneous  layer, 
both  of  which  have  crypts  or  openings  leading  into  the  interior  of 
the  iris  tissue,  thus  placing  its  spaces  in  free  communication  with 
the  cavity  of  the  antericv  chamber  and  allowing  of  rapid  change  in 
volume.  The  posterior  surface  is  covered  by  the  posterior  limiting 
membrane  and  the  pigment  layer.  The  former  contains  very  even 
tense  fibres  extending  in  a radial  direction  from  the  ciliary  to  the 
pupillary  margir , and  is  regarded  as  a dilator  pupillae;  as  no  mus- 
cular fibres  have  been  demonstrated  here,  its  tissue  probably  acts 
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by  elastic  traction.  The  pigment  layer  covering  the  posterior  surface 
extends  to  the  pupillary  margin,  and  turns  round  to  appear  a little 
on  the  anterior  surface,  becoming  easily  visible  where  the  lens  is 
cataractous.  (Figs.  6,  155,  and  156.) 

The  color  of  the  iris  is  determined  by  the  amount  of  pigment, 
two  kinds  of  which  exist,  the  one  lying  in  the  branched  cells  of  the 
stroma,  and  the  other  filling  up  the  epithelial  cells  of  the  posterior 
pigment  layer,  pars  iridica  retinae.  With  the  exception  of  albinotic 
eyes  (Fig.  155),  the  retinal  layer  always  abounds  in  pigment,  while  that 
of  the  stroma  varies,  so  that  when  the  latter  contains  little  pigment 
that  of  the  epithelial  cells  shows  through,  the  thin  iris  appearing  blue. 
If  the  stroma  be  deficient  in  pigment  but  thick,  the  iris  appears  gray; 
and  if  there  be  a great  amount  of  pigment  in  the  stroma,  brown,  the 
depth  of  color  varying  with  the  amount.  Isolated  patches  of  pigment 
are  found  in  the  stroma  as  naevi  or  spots  on  a brown,  gray,  or  blue 
iris.  The  pigment  may  be  deeper  in  one  part  than  another.  The 
color  of  the  iris  changes  in  the  early  years  of  life,  at  first  the 
stroma  containing  but  little  pigment  and  being  very  thin.  With 
increasing  age  the  stroma  becomes  thicker,  and  if  the  pigmentation 
does  not  increase,  the  iris  becomes  light  blue  or  gray;  if  it  increases, 
the  color  becomes  brown. 

Ciliary  Body.  Macroscopic  Anatomy.  The  ciliary  body  is  the 
middle  segment  of  the  uvea,  extending  from  the  sclerocvmneai  junc- 
ture in  front  to  the  ora  serrata  behind.  It  is  a circular  organ,  but 
when  the  eye  is  bisected  the  region  appears  as  a triangle,  the  longer 
and  outer  side  lying  next  to  the  sclera,  the  short  rnierior  side  against 
the  pectinate  ligament,  and  the  inner  margin  in  opposition  with  the 
pars  ciliaris  retinae.  It  has  three  distinct  subdivisions:  the  ciliary 
ring,  the  processes,  and  the  muscle.  The  muscular  portion  is  larger 
in  hyperopic  than  in  emmetropic  eyes,  and  is  smaller  in  myopic  eyes. 

Microscopic  Anatomy.  Proceeding  from  without  inward,  we  find 
the  ciliary  muscle,  which  consists  of  an  external  portion  containing 
the  longitudinal  or  meridianal  fibres  which  arise  from  the  external 
tunic  of  the  eye  at  the  boundary  between  the  cornea  and  sclera, 
and  run  straight  backward  until  they  are  lost  in  the  external  layers 
of  the  choroid;  the  fibres  b*re  radiate  and  are  transposed  into  cir- 
cular fibres.  (Fig.  156.)  The  ciliary  processes  (Plate  XII.,  C,  D)  are 
a connective-tissue  stroma  containing  a large  number  of  bloodvessels 
and  branched  pigment  cells  placed  upon  the  ciliary  muscle.  The 
layer  next  to  the  vitreous  is  a single  stratum  of  non-pigmented 
cylindrical  ceils.  Under  this  is  a layer  of  pigmented  cells,  the  pig- 
mented epithelium;  these  two  form  the  pars  ciliaris  retinse.  Under 
these  is  a homogeneous  membrane,  the  hyaline  lamella  of  the  ciliary 
body 

^he  iris  and  ciliary  body  are  attached  to  the  sclera  a little  back 
of  the  corneoscleral  margin  by  connective  tissue,  which  is  called  the 
ligamentum  pectinatum.  (Fig.  157.)  This  forms  an  angle  with  the 
iris  and  cornea,  forming  the  sinus  of  the  anterior  chamber,  and  where 
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attached  to  the  sclera  there  is  an  annular  lymph  space  forming  the 
canal  of  Schlemm;  this  portion  includes  the  ciliary  ring. 


Fig.  156. 


Meridianal  section  through  anterior  part  of  the  eye,  showing  the  ciliary  body  and  iris,  with 
neighboring  structures.  C.  Cornea.  S.  Sclera.  8.  Schlemm’s  canal.  L.  Limbus  conjunctive, 
ci.  Anterior  ciliary  vein.  1.  Ligamentum  pectinatum.  cr.  Crypts  in  circulus  minor  iridis.  c.  Per- 
iphery of  iris.  /.  Contraction  furrow,  hvp.  Retinal  pigment  of  iris.  v.  Anterior  layer  of  retinal 
pigment,  p.  Pupillary  margin,  sp.  Cross-section  of  sphincter  pupille.  M.  Longitudinal  fibres  of 
ciliary  muscle,  BrUcke’s  portion.  Mu.  Circular  fibres  or  Muller’s  portion,  r.  Transition  or  radial 
fibres,  a.  Circulus  arteriosis  iridis  major.  P.  Ciliary  processes,  pe.  Pigment  cellular  layer. 
Pe.  Pigment  epithelium,  pc.  Non-pigmented  layer.  R.  Retina.  0.  Orbiculus  ciliaris.  o.  Oiii. 
serrata.  ch.  Choroid,  z.  Fibres  of  zonule  of  Zinn.  zv  Free  portion  of  zonula,  i.  Canal  c*  Pei't. 
L.  Lens.  k.  Nuclei  of  lens.  Magnified  14  times.  (After  Fuchs.) 


The  anterior  chamber  of  the  eye  is  formed  in  front  by  the  cornea, 
behind  by  the  iris,  in  the  region  of  the  pupil  by  the  anterior  capsule 


Fig.  157. 


Surface  view  of  the  ligamentum  pectinatum. 


of  the  lens,  a nr!  ai  ics  margins  by  the  ligamentum  pectinatum,  behind 
which  lie  th  canal  of  Schlemm  and  the  anterior  region  of  the  ciliary 


body.  The  depth  of  the  anterior  chamber  is  influenced  by  accom- 
modation, being  shallower  during  the  act  from  protrusion  of  the 
anterior  surface  of  the  lens;  it  is  greatest  in  young  persons  and 
shallower  in  old  age;  myopic  eyes  have  a deep  anterior  chamber, 
hyperopic  eyes  a shallow  one.  Where  the  tension  of  the  eye  is 
increased,  the  anterior  chamber  becomes  shallower. 

The  posterior  chamber  is  an  annular  space  at  the  edge  of  the  lens, 
being  produced  by  the  iris  coming  in  contact  only  at  its  pupillary 
margin  with  the  anterior  capsule  of  the  lens.  It  is  bounded  in  front 
by  the  iris,  to  the  outer  side  by  the  ciliary  body,  its  inner  and  pos- 
terior wall  being  formed  by  the  lens  and  the  zonule  of  Zinn,  the  latter 
approaching  from  the  inner  space  between  the  lens  and  the  ciliary 
body.  The  two  chambers  communicate  only  by  means  of  the  pupil, 
and  both  are  filled  with  the  aqueous  humor. 

Choroid.  Macroscopic  Anatomy.  On  opening  the  eyeball  and 
removing  the  vitreous  and  retina,  the  inner  surface  of  the  uvea  is 
exposed;  the  choroid  extends  from  the  ora  serrata  to  the  optic  nerve, 
appearing  as  a smooth  brown  membrane.  On  removing  this  from 
the  underlying  sclera,  it  is  found  to  be  attached  more  firmly  at  some 
spots  than  others,  more  particularly  at  the  optic  nerve,  at  the  en- 
trance of  the  ciliary  arteries  and  nerves,  and  at  the  equator  in  the 
region  of  its  large  veins,  the  venae  vorticosae.  Thus  the  outrr  portion 
appears  to  be  shaggy,  on  account  of  adherent  shreds  of  membrane. 

Microscopic  Anatomy.  The  thickness  of  the  choroid  varies  from 
0.08  mm.  at  the  optic  aperture  to  0.05  mm.  at  the  ora  serrata.  It 
has  five  outer  layers  (Plate XII.,  E,  F,  G),  being  frcn.  without  inward: 
(1)  the  suprachoroid,  which  is  a richly  pigmented  layer  of  fibrous 
tissue;  (2)  the  layer  of  large  vessels,  which  are  mainly  veins,  the 
intervascular  spaces  being  richly  supplied  with  pigment  cells;  (3)  the 
layer  of  medium-sized  vessels,  which  is  but  slightly  pigmented; 
(4)  the  layer  of  capillaries,  which  is  10  i-pigmented.  These  capil- 
laries have  a very  wide  bore  and  are  packed  closely  together,  with 
their  interspaces  narrower  than  the  capillaries  themselves;  (5)  the 
lamina  vitrea,  which  is  a homogeneous  membrane  lining  the  inner 
surface  of  the  choroid.  Upon  inis  lies  a single  layer  of  cells  which 
have  been  developed  from  the  retinal  mesoderm,  which  are  deeply 
pigmented  and  belong  to  the  retina,  the  pigmented  epithelium  of 
the  retina. 

The  choroidal  stroma  consists  of  a ground  substance  of  loosely 
interwoven  connective-tissue  lamellae  containing  bloodvessels,  white 
fibres,  and  elastic  tissue  with  stellate  pigmented  cells. 

Ophthalmoscopic  Appearance  of  the  Choroid.  This  membrane  gives 
the  characteristic  color  to  the  fundus,  and  the  amount  of  pigment 
therein  is  responsible  for  much  of  the  variations  found  in  normal 
and  diseased  conditions.  The  pigment  is  contained:  (1)  in  the 
pigment  epithelium  of  the  retina  (Fig.  158);  (2)  in  the  stroma  of 
die  choroid  (Fig.  159).  If  the  pigment  be  wanting  in  both  of  these 
structures,  we  have  the  albinotic  fundus  (Plate  XII.,  E),  which  is 
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light  red,  the  entire  larger  circulation  of  the  retina  and  choroid  being 
visible;  on  account  of  the  overlying  capillary  vascular  layer  of  the 
choroid  the  intervascular  spaces  between  the  larger  bloodvessels 
show  as  pink.  Where  the  pigment  is  wanting  entirely,  or  there  is  but 
little  in  the  pigmented  epithelial  cells  of  the  retina  (Plate  XII.,  F), 
while  that  of  the  choroidal  stroma  is  more  or  less  normal  in  amount, 
the  tessellated  fundus  is  observed,  in  which  the  intervascular  spaces 
appear  as  dark  plaques.  Where  the  pigment  epithelium  and  the 
stroma  are  heavily  stained  (Plate  XII.,  G)  the  choroidal  circulation 
is  not  visible,  and  the  fundus  is  of  a dark  hue.  This  type  of  fundus 
exists  in  the  dark  races,  varying  from  a dark  brown  in  the  China- 
man, Indian,  and  Malay,  to  a slaty  hue  in  the  negro.  Occasional 
bizarre  effects  are  seen,  as  in  the  fundus  flavus.  The  ophthalmo- 
scopic appearance  of  the  normal  average  fundus  lies  between  these 

Fig.  158.  Fig.  159. 


Fig.  158.— Hexagonal  pigment  cells  of  the  retina. 
Fig.  159.— Pigment  stroma  cells  of  the  choroid. 


extremes.  In  the  blonde  more  of  the  choroidal  circulation  is  observ- 
able than  in  the  brunette,  and  in  the  latter  the  intervascular  spaces 
are  seen  more  distinctly. 

Bloodvessels  of  the  Eye.  The  bloodvessels  of  the  eye  belong  for 
the  most  part  to  the  uvea,  which  is  made  up  for  the  greater  part  of 
vascular  tissue,  and,  hence,  is  very  liabP  to  become  inflamed.  Fuchs 
describes  the  ocular  vascular  system  as  follows:  Three  systems  of 
bloodvessels  exist  in  the  eye:  that  of  the  conjunctiva,  that  of  the 
retina,  and  that  of  the  uvea  (ciliary  system  of  vessels).  The  arteries 
of  this  system  are:  1.  The  posterior  ciliary  arteries;  these  arise  from 
the  ophthalmic  artery  and  enter  the  interior  of  the  eye  through  the 
sclera  in  the  region  cf  the  posterior  pole.  The  majority  of  them 
pass  at  once  into  the  choroid  (short  posterior  ciliary  arteries).  (Fig. 
160,  c,  c.)  Two  of  htm,  however  (the  long  posterior  ciliary  arteries) 
(Fig.  160,  d),  run  one  on  the  outer  side,  the  other  on  the  inner  side, 
between  the  choroid  and  sclera  and  as  far  forward  as  the  ciliary 
muscle.  Eei  e each  divides  into  two  branches,  which  run  in  a direc- 
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tion  concentric  with  the  margin  of  the  cornea,  and  unite  with  the 
branches  of  the  artery  of  the  opposite  side  to  form  an  arterial  circle, 
the  circulus  arteriosus  iridis  major.  (Fig.  160,  hy  and  Fig.  156,  a.) 
This  gives  off  the  arteries  for  the  iris,  which  extend  radially  from 
its  ciliary  to  its  pupillary  margin.  (Fig.  160,  i.)  Shortly  before  they 


Fig.  160. 


*0, 


Bloodvessels  of  the  eye;  schematic.  The  retinal  s/stem  of  vessels  is  derived  from  the  central 
artery  o,  and  the  central  vein  alt  of  the  optic  nei  ^e,  which  give  off  the  retinal  arteries  b,  and  the 
retinal  veins  b *.  These  end  at  the  ora  serrat  *,  Cr.  Tne  system  of  ciliary  vessels  is  fed  by  the  posterior 
short  ciliary  arteries  c c,  the  posterior  long  ciliary  arteries  d,  and  the  anterior  ciliary  arteries  e. 
From  these  arise  the  vascular  network  r>t  the  choroidal  capillaries/,  and  of  the  ciliary  body  g,  and 
the  circulus  arteriosus  iridis  major  h.  Prom  the  last  spring  the  arteries  of  the  iris  i,  which  at  the 
smaller  (inner)  circumference  of  the  1.  .tter  form  the  circulus  iridis  minor  k.  The  veins  of  the  iris  i|, 
of  the  ciliary  body  and  of  the  chw.^id  are  collected  into  the  venae  vorticosae  l;  those  veins,  how- 
ever, that  come  from  the  ciiiery  muscle  m,  leave  the  eye  as  anterior  ciliary  veins  c\.  With  the 
latter,  Schlemm’s  canal  n ir*rms  anastomoses.  The  system  of  conjunctival  vessels  consists  of  the 
posterior  conjunctival  a ess*  Is  o and  o.  These  communicate  with  those  branches  of  the  anterior 
ciliary  vessels  winch  run  10  meet  them— that  is,  with  the  anterior  conjunctival  vessels  p— and  form 
with  these  the  marginal  loops  of  the  cornea  q.  0.  Optic  nerve.  S.  Its  sheath.  Sc.  Sclera.  A.  Cho- 
roid. N.  Retina.  L.  Lens.  H.  Cornea.  R.  Internal  rectus.  B.  Conjunctiva  (After  Leber,  from 
Fuchs.) 


reach  the  latter  they  form  by  anastomosis  a second,  smaller  vascular 
circle,  the  circulus  arteriosus  iridis  minor,  or  the  small  circle  of  the 
iris.  (Fig.  160,  k.)  2.  The  anterior  ciliary  arteries  come  from  in 

front,  arising  from  the  arteries  of  the  four  recti  muscles.  (Fig.  160,  e.) 
They  perforate  the  sclera  near  the  margin  of  the  cornea,  and  assist 
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in  forming  the  circulus  arteriosus  iridis  major.  The  short  posterior 
ciliary  arteries  are  therefore  designed  mainly  for  the  choroid,  the 
long  posterior  ciliary  arteries  and  the  anterior  ciliary  arteries  for  the 
ciliary  body  and  iris. 

The  arrangement  of  the  veins  is  essentially  different  from  that  of 
the  arteries.  In  the  choroid  the  capillary  network  of  the  chorio- 
capillaris  (Fig.  160,  /)  is  fed  by  the  arteries.  The  blood  from  this 
flows  off  through  a great  number  of  veins  that  unite  to  form  larger 
and  larger  trunks.  A number  of  these  trunks  simultaneously  con- 
verge to  a common  centre,  where,  consequently,  a sort  of  whorl  or 
vortex  is  produced  by  veins  coming  together  from  all  sides.  These 
vortices,  the  number  of  which  amounts  to  four  at  least,  usually 
more,  lie  somewhat  behind  the  equator  of  the  eye;  from  them  are 
given  off  the  vena  vorticosae,  which,  perforating  the  sclera  in  a very 
oblique  direction,  carry  the  blood  to  the  outside.  (Fig.  160,  l.) 

In  the  ciliary  processes  the  arteries  break  up  into  a greater  number 
of  twigs,  which  pass  over  into  thin-walled  veins.  (Fig.  160,  g.)  These 
constitute  the  greater  part  of  the  ciliary  process,  which,  accord- 
ingly, consists  mainly  of  vessels.  The  larger  veins,  which  are  formed 
by  the  union  of  these  vessels,  and  also  most  of  the  veins  of  the 
ciliary  muscle,  pass  backward  to  the  venae  vorticosae.  The  veins 
that  come  from  the  iris  (Fig.  160,  i,)  likewise  pass  to  the  venae  vor- 
ticosae. Hence,  almost  all  the  venous  blood  of  the  uvea  empties 
into  the  latter.  A portion  of  the  veins  coming  from  the  ciliary 
muscle  (Fig.  160,  m),  however,  take  another  course,  as  they  pass  ou; 
directly  through  the  sclera,  and  thus  come  into  view  beneath  the 
conjunctiva  near  the  margin  of  the  cornea  (anterior  ciliary  vei  is, 
Fig.  160,  e,).  In  their  course  these  correspond  to  the  anter.or  ciliary 
arteries;  they  constitute  principally  the  violet-colored  verst’s  which 
are  seen  running  backward  beneath  the  conjunctiva  in  ciliary  injec- 
tion or  in  stasis  within  the  eyeball  (glaucoma).  The  auterior  ciliary 
veins  anastomose  with  the  conjunctival  veins  and  also  with  Schlemm’s 
canal.  The  latter  is  a venous  sinus  running  along  the  sclerocorneal 
junction.  (Fig.  160,  n,  and  Fig.  156,  s.) 

Nerves  of  the  Uvea.  The  nerves  of  the  iris  are  derived  from  the 
ciliary  plexus.  They  are  at  first  medullated  ar.d  quickly  reunite  within 
the  ciliary  zone  to  form  the  iridian  plexus,  which  becomes  denser 
as  it  approaches  the  sphincter.  Three  kinds  of  fibres  arise  from  this 
plexus:  (1)  non-medullated  fibre-  e^.onging  to  the  sympathetic  pass 
backward  toward  the  dilatator  iridis;  (2)  medullated  fibres,  appar- 
ently sensitive,  pass  to  tho  anterior  surface;  (3)  medullated  fibres 
pass  to  the  sphincter  and  give  it  motor  influence.  Certain  vasomotor 
fibres  pass  to  the  coats  of  the  vessels.  There  are  no  ganglion  cells 
in  the  iris.  Its  tactile  sensibility  is  not  great,  and  operations  are 
not  very  painful  if  faction  be  avoided.  Inflammation,  however,  is 
attended  with  great  pain. 

The  ciliary  v.erves  supply  the  ciliary  muscle  and  processes,  lhe 
long  nerveo  are  sensitive,  being  derived  from  the  nasal  branch  of 
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the  ophthalmic;  the  latter  are  from  the  ciliary  ganglion,  and  are 
doubtless  of  a mixed  character.  The  ciliary  nerves  penetrate  the 
sclera  near  the  optic  disk,  running  forward  in  the  suprachoroidal  space, 
enter  the  ciliary  muscle,  and  unite  to  form  the  ciliary  plexus,  which 
contains  a few  nerve  cells.  Fibres  are  given  off  from  this  plexus 
which  pass  to  the  cornea,  iris,  and  ciliary  muscle.  These  nerves  end 
as  follows:  (1)  vasomotor  endings  in  the  walls  of  the  ciliary  vessels; 
(2)  motor  endings  in  the  ciliary  muscle;  (3)  extremely  fine  reticu- 
lations of  granular  nerve  fibres,  which  probably  minister  to  ordinary 
sensation;  (4)  terminal  arborescences,  which  are  believed  to  have 
to  do  with  the  muscular  sense  which  is  particularly  developed  in  the 
ciliary  muscle.  The  sensory  nerves  of  the  ciliary  body  are  abundant, 
and  hence  inflammation  of  this  structure  is  attended  with  pain. 

The  nerves  of  the  choroid  are  derived  from  twigs  given  off  from 
the  long  and  short  ciliary  nerves  as  they  pass  between  the  fibres  and 
vascular  tunics  in  their  course  to  the  ciliary  body.  The  special 
branches  destined  for  the  choroid  form  a wide-meshed  plexus  of  both 
medullated  and  non-medullated  fibres  within  the  lamina  supracho- 
roidea.  Ganglion  cells,  isolated  or  in  limited  groups,  are  found  in 
this  plexus  and  also  along  the  vessels;  the  nervous  supply  of  the 
choroid  is  distributed  especially  to  the  muscular  tissue  of  the  blood- 
vessels, and  belongs  to  the  vasomotor  system.  The  choroid  contains 
no  sensory  nerves,  and  inflammation  of  this  membrane  runs  its  course 
without  pain. 

Lymph  Passages.  There  are  no  true  lymph  vesstls  in  the  eye, 
except  in  the  conjunctiva;  there  are,  however,  large  lymph  channels 
and  spaces  (Fuchs) : 

1.  Anterior  Lymph  Passages.  The  lymph  o+  the  anterior  section 
of  the  eye  is  collected  into  two  large  lymph  spaces,  namely,  the 
anterior  and  posterior  chambers,  which  communicate  by  means  of 
the  pupil.  The  outflow  of  lymph  from  these  spaces  takes  place  by 
its  discharge  from  the  posterior  chamber  through  the  pupil  into  the 
anterior  chamber;  thence  it  filters  through  the  meshwork  of  the  liga- 
mentum  pectinatum  into  the  subjacent  Schlemm’s  canal  (Fig.  161,  s), 
and  from  there  gets  into  the  anterior  ciliary  veins  (c),  with  which 
Schlemm’s  canal  is  in  direct  communication. 

2.  Posterior  Lymph  Passages  These  are  as  follows:  (a)  The  hyaloid 
canal,  or  central  canal  of  the  vitreous  (Fig.  161,  h),  which  extends 
from  the  point  of  pn+rance  of  the  optic  nerve  forward  as  far  as  the 
posterior  pole  of  the  lens.  During  the  development  of  the  eye  this 
canal  lodges  the  hyaloid  artery,  which  in  the  fully  formed  eye  dis- 
appears, while  the  canal  remains.  It  has  its  outlet  in  the  lymph  spaces 
of  the  optic  nerve.  (6)  The  perichoroidal  space  (Fig.  161,  p)  is  the 
space  between  the  choroid  and  sclera.  It  is  continued  along  the  ves- 
sels which  pass  through  the  sclera,  especially  the  venae  vorticos* 
(Fig.  161,  v),  and  thus  communicates  with  the  anterior  ciliary  veins 
(Fig.  161,  c),  Tenon’s  space  (Fig.  161,  t,  t),  which  lies  between  the 
sclera  and  Tenon’s  capsule.  The  outflow  of  lymph  from  all  these 
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spaces  takes  place  into  the  lymph  passages  which  spread  out  along 
the  optic  nerve.  These  latter  are  (D)  the  intervaginal  space,  which 
is  found  between  the  sheaths  of  the  optic  nerve  (Fig.  161,  t),  and 
(E)  the  supravaginal  space  (Fig.  161,  s),  which  surrounds  the  sheaths 
of  the  optic  nerve. 

By  far  the  greatest  amount  of  lymph  leaves  the  eye  through  the 
anterior  lymph  passages.  These,  therefore,  are  the  more  important. 
Their  impermeability  leads  to  serious  changes  in  the  eye  (glaucoma), 
while  up  to  the  present  time  nothing  certain  is  known  in  regard  to 
disturbances  of  the  function  of  the  posterior  lymph  passages. 

Fia.  161. 


Lymph  passages  of  the  eye:  schematic.  S.  Schleir.m’  < canal.  c.  Anterior  ciliary  veins,  h.  Hya- 
loid canal,  p.  Perichoroidal  space,  which  commumch/eL  oy  means  of  the  venae  vorticosae  v,  with 
Tenon’s  space  t,  t.  8.  Supravaginal  space,  i.  Inter  ragi  lal  space,  e e.  Continuation  of  Tenon’s  cap- 
sule upon  the  tendons  of  the  ocular  muscles,  lateral  invagination.  (After  Fuchs.) 

Nutrition  of  the  Eye.  The  nourishment  of  the  eye  comes  mainly 
through  the  uveal  vessels;  tne  secretion  of  the  fluids  of  the  eye  is 
also  indirectly  effected  by  the  uvea.  The  aqueous  humor  is  the 
only  secretion  of  the  ey  ^ball  proper.  It  is  a limpid  liquid  containing 
a small  amount  of  albumin,  secreted  mainly  by  the  ciliary  processes, 
being  poured  firsc  Into  the  posterior  chamber,  thence  passing  through 
the  pupil  into  tie  anterior  chamber,  leaving  the  eye  through  Schlemm’s 
canal  and  the  Lgamentum  pectinatum.  It  is  secreted  and  excreted 
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rapidly  in  health,  and  is  restored  quickly  after  evacuation  of  the  ante- 
rior chamber  by  operation,  sooner  in  youth  than  in  old  age.  The 
fluid  that  accumulates  in  the  anterior  chamber  after  evacuation  of 
the  aqueous  contains  more  albumin  than  the  normal  aqueous. 

The  cornea  is  nourished  by  the  marginal  loops  of  bloodvessels  at 
the  limbus,  and  somewhat  by  the  aqueous  humor  which  diffuses  into 
its  tissue.  The  lens  and  the  vitreous  obtain  nourishment  mainly 
from  the  ciliary  body  and  the  anterior  section  of  the  choroid;  hence, 
in  diseases  of  these  structures  the  lens  and  vitreous  become  clouded, 
and  may  undergo  degeneration.  The  internal  layers  of  the  retina 
are  nourished  by  the  retinal  vessels,  the  outer  layers  being  dependent 
upon  the  choroid;  the  regeneration  of  the  visual  purple  is  accom- 
plished through  nourishment  from  the  choriocapillaris. 

The  intra-ocular  pressure  is  dependent  upon  the  relation  of  the 
capacity  of  the  ocular  envelopes  to  the  contents.  It  is  discussed 
in  the  chapter  on  Glaucoma. 

For  the  participation  of  the  uvea  in  the  visual  act,  see  page  65; 
the  reaction  of  the  pupil  to  light  and  accommodation,  see  page  30; 
reaction  of  the  pupil  to  poisons,  mydriatics,  and  myotics,  see  page 
112;  reaction  of  the  ciliary  body  to  cycloplegics,  see  page  112. 


DISEASES  OF  THE  IRIS  AND  CILIARY  BODY.  CONGENITAL 

ANOMALIES. 

Variations  in  the  Color  of  the  Iris.  There  may  be  irregularities 
in  the  amount  and  distribution  of  the  iris  pigment,  which  may  be 
massed  into  little  heaps  in  the  stroma,  giving  rise  to  a number  of 
brown  or  black  spots  upon  a lighter  colored  iris  or  patch  upon  its 
surface.  (Plate  XIII.) 

Sometimes  one  iris  differs  in  color  from  the  other;  this  is  called 
heterochromia.  When  one  eye  is  decidedly  brown  and  the  other  a 
uniform  blue  or  gray,  indicating  ib-ence  of  pigment,  the  latter  may 
have  been  the  site  of  previous  disease,  or  it  is  liable  to  be  affected 
later  by  cataract,  while  the  dark  eye  may  remain  normal.  In  inflam- 
matory conditions  the  color  of  the  iris  always  is  changed.  In  albinism 
the  iris  usually  has  a pink  appearance,  which  is  due  to  the  shining 
of  the  fundus  reflex  through  the  iris  stroma. 

Membrana  Pupfllaris  Perseverans.  As  has  been  noted  in  the 
chapter  on  the  development  of  the  eye,  a vascular  membrane  fills 
the  pupillary  area  which  nourishes  the  lens.  It  is  of  comparatively 
frequent  occurrence  in  newborn  infants,  but,  as  a rule,  is  resorbed, 
entirely  befoie  birth  or  shortly  afterward.  In  a few  cases  complete 
resorption  does  not  take  place,  and  a gray  or  brown  tissue  lies  upon 
the  anterior  capsule  of  the  lens,  arising  from  the  circulus  minor  iridis; 
in  the  centre  it  is  attached  to  a small  round  white  capsular  opacity. 
When  of  such  a degree  as  shown  in  Plate  XIII.,  Fig.  12,  it  inter- 
feres seriously  with  visual  acuity.  Many  cases,  however,  display  only 
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one  or  two  filaments  from  one  portion  of  the  pupillary  margin  to  the 
opacity,  or  from  the  iris  to  the  capsule  of  the  lens,  or  in  other  cases 
only  a few  brown  dots  remain  upon  the  lens  capsule.  If  the  pupil 
be  dilated  by  atropine,  it  opens  fully,  as  the  fibres  are  very  exten- 
sible. It  is  otherwise  the  case  in  posterior  synechia?,  for  here  the 
characteristic  clover-leaf  formation  of  the  pupil  is  observed  as  it 
becomes  enlarged.  (Plate  XIII.,  Fig.  9.) 


DESCRIPTION  OF  PLATE  XIII. 


Fig  1 — Myosis  from  eserine  ; direct  illumination,  showing  the  full  extent  of  the  markings  of  the 
iris;  the  pupillary  portion  stretched  by  contraction  of  the  circular  fibres ; the  pupil  is  never  per- 
fectly  round,  and  is  usually  situated  downward  and  inward. 

Fig.  2— Mydriasis  from  atropine;  ophthalmoscopic  illumination;  fullest  expansion  of  the  pupi 
by  contraction  of  the  radial  fibres ; the  distinctive  markings  on  the  iris  are  nearly  obliterated ; the 

lens  star  shows  indistinctly.  ^ . ....  ..  .. 

Fig  3 — Corectopia,  displacement  of  the  pupil ; direct  illumination.  In  this  condition  the  pupi 
is  usually  somewhat  irregular,  small,  and  displaced  to  one  side  of  the  iris,  usually  downward  and 
inward  • in  congenital  forms  being  sometimes  associated  with  coloboma  of  the  choroid. 

Fig.  4 — Glaucoma,  the  iris  structure  being  ill  defined  from  swelling ; the  pupil  irregular,  dilate  , 

anFio.T-Iddectomy  for  glaucoma ; ophthalmoscopic  illumination.  The  edges  of  the  coloboma 
even  and  the  whole  pupil  being  the  shape  of  an  inverted  keyhole ; the  upper  edge  of  the  lens  and 

theciliary  woceffies  jn  iridectomy  for  glaucoma ; anterior  synechia  caused  by  incarceration 

of  one  edge  of  the  coloboma  in  the  corneal  wound  ; direct  illumination. 

of  oneedgeof  for  leucoma  of  the  cornea;  direct  illumination.  The  coloboma  s 

usually  made  downward  and  inward  on  the  back  of  tbe  clearest  portion  of  the  cornea;  small 
iridectomv  which  does  not  reach  to  the  root  of  the  iris. 

Fig.  S.-Congenital  coloboma  of  the  cornea;  direct  illumination.  When  the  coloboma  reacL -s  o 
the  foot  of  the  iris  it  is  usually  accompanied  by  coloboma  of  the  choroid.  ..... 

“.-Irius  with  posterior  synechi* ; ophthalmoscopic  illumination.  The  mark,  r gs  of  the  ins 
are  not  well  defined  ; the  synechise  show  dark,  forming  the  characteristic  clover-lee.  pup d. 

FIG  10  -Exclusion  of  the  pupil  or  total  posterior  synechia;  from  chronic  intis;  cob' halmoscop.c 
illumination  The  whole  edge  of  the  iris  and  sometimes  the  entire  poster)  surface  of  the  ins 
aieZnd  down  byldhesions  to  the  anterior  capsule  of  the  lens;  this  condition  and  the  follow- 
ing  (Fig  11)  are  prone  to  give  rise  to  secondary  glaucoma. 

|i  1 -Occlusion  of  the  pupil  from  iridocyclitis ; oblique  illurain  atiou.  The  pupillary  area  is 
fllfed  Wi(h  organized  exudation ; the  pupillary  margin  of  the  iris  being  -.and  down  to  the  anterior 
capsule  of  the  lens,  the  centre  of  the  iris  being  bulged  forward,  musing  the  condition  known  as 

'"fig"™^— Persisting  pupillary  membrane ; direct  illumim  tion.  A few  strands  reach  from  over  the 
edge  of  the  pupillary  margin  to  the  centre  of  the  lens.  This  condition  is  frequently  associated  with 

^Fi'y1 1”8— IridodialysiJ  (ophthalmoscopic  illuminai’onv  forming  two  pupils  and  associated  with 
double  vision.  This  condition  and  that  of  the  ne  it  s-e  of  traumatic  origin. 

Fig.  14.-Polycoria;  ophthalmoscopic  illumi..  'Uon.  In  this  patient  there  were  three  pupils  and 
triule  vision  ; the  edge  of  the  lens  and  ciharv  processes  could  be  distinctly  seen. 

Fig.  15.- Foreign  body  in  iris  and  1cm  binding  the  iris  down  to  the  lens  ; this  being  aseptic,  was 
not  associated  with  inflammatory  chang 's,  ,'nd  was  retained  in  the  eye  ten  days  ore  ex 

the  magnet;  but  slight  opacity  of  tie  lens  capsule  followed.  Direct  illumination. 

Fig  ?.  -Traumatic  hemorrhagic  Iritis  with  hyphasmia  simulating  hypopyon.  Direct  illumination 
Fig!  17.— Anterior  synechia  ■ ith  hei  lia  of  tbe  iris  from  incarceration  in  corneal  wound.  Direct 

ZZlZ-Sarcoma  of  tie  iris;  oblique  illumination.  This  was  attended  by  iritis  and  posterior 
synechia. 

Fig  19  — Svphilit;  \ 1.  itis ; direct  illumination.  Gumma  of  the  iris. 

Fig!  20  -Acute  ch  iroiditis ; direct  illumination  In  this  condition  the  exudation  in  the  vitreous 
gives  rise  to  a yellc  wish-green  reflex  from  the  pupil. 
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Treatment.  As  a rule,  there  is  little  disturbance  of  vision  - but  if 
the  membrane  be  very  thick,  the  strands  may  be  divided  bv  the 
iridectomy  scissors  or  the  sharp  hook. 

Coloboma  Iridis.  Congenital  coloboma  of  the  iris  is  always  sit- 
uated below,  the  pupil,  being  continued  downward  to  the  margin  of 
the  cornea  growing  continuously  narrower,  the  sphincter  lining  the 
margm  of  the  pupil  and  also  the  coloboma  as  far  as  its  apex.  (Plate 
All!.,  1'ig.  8.)  In  the  majority  of  cases  a small  rim  of  iris  mav  be 
observed  at  the  bottom  of  the  coloboma.  It  is  to  be  distinguished 
from  the  one  made  by  iridectomy;  in  the  latter  the  sphincter  is 
wantmg  in  the  coloboma,  and  it  may  be  seen  to  end  with  sharp  edges 
dividing  line  between  the  pupil  and  the  coloboma.  (Plate 
Z1;’  i 5’  , ’ 7 Y , , t}ie  coloboma  be  accompanied  by  a slight 

defect  of  the  choroid,  there  may  likewise  exist  a deficiency  in  the 
ciliary  body;  sometimes  coloboma  or  indentation  in  the  edge  of  the 
lens  accompanies.  There  are  no  special  symptoms  and  no  treatment. 

Aniridia  vel  Inderaemia.  The  iris  may  be  entirely  absent  or  but 
a small  residual  portion  remain;  this  defect  is  accompanied  generally 
by  congenital  opacities  in  the  lens  and  cornea  and  other  abnormalities. 

. or  special  condition,  dark  glasses  or  the  stenopceic  hole  may  be 

Ectopia  Pupillae  vel  Corectopia.  Normally  the  pupil  is  noh  nre- 
cisely  in  the  centre,  but  is  usually  a little  below  and  to  thr‘  s;rie  This 
displacement  is  sometimes  so  great  that  it  is  noticeable,  especially 
in  myosis.  (Plate  XIII  Fig.  1.)  It  may  even  be  situated  eccen- 
trically in  the  neighborhood  of  the  corneal  margin  (Plate  XIII 
Fig.  3),  and  is  sometimes  complicated  with  dislocation  of  the  lens 
Pohcoria  or  multiple  pupils  have  been  described  as  occurring  con- 
genitally, but  as  a rule  such  conditions  are  due  t j traumatism.  (Plate 
A1JL1.,  .bigs.  13,  14.)  v 

Inflammatory  Diseases.  Inflammation  of  the  iris  is  intimately 
connected  with  that  of  the  cihary  body  as  both  are  supplied  bv  the 
same  bloodvessels,  and  the  iris  spr'ngs  directly  from  the  ciliary  bodv 
oimmg  a continuous  tissue.  It  should  likewise  be  remembered  that 
the  choroid  is  a portion  of  the  uvea,  and  is  usually  more  or  less  affected 
by  inflammations  of  the  anterior  portions,  particularly  where  the 
ciliary  body  is  involved.  Thus,  while  we  speak  of  an  iritis,  a cyclitis 
or  a choroiditis,  an  inflammation  of  these  tissues  is  more  properly  a 
uveitis.  The  disease  may,  however,  be  so  predominant  in  the  iris  or 
ciliary  body  that  the  affection  may  be  classed  as  iritis  or  cyclitis  and 
oi  practical  purposes  the  symptoms  of  the  predominant  lesions' may 
be  described  separately.  J 

Hyperseraia  of  the  Iris.  Congestion  is  the  first  stage  of  inflamma- 
tion, and  either  may  go  on  to  resolution  or  to  later  stages  of  inflam- 
matmn.  Every  iritis  is  preceded  by  hyperemia,  but  cases  are  met 
witl.  that  do  not  proceed  further  than  this  stage.  It  may  also  be 
coincident  with  or  be  a symptom  of  inflammation  in  other  portions 
ot  the  uveal  tract  or  the  neighboring  ocular  tissues;  thus  it  accom- 
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panies  inflammatory  changes  in  the  ciliary  body  and  acute,  severe 
choroiditis,  also  ulcer  of  the  cornea  and  scleritis. 

Hypersemia  of  the  iris  is  characterized  by  change  in  its  color,  so 
that  a blue  or  gray  iris  becomes  greenish  and  a brown  iris  yellowish 
red ; in  dark  eyes  the  discoloration  is  not  so  marked  as  in  blonde  eyes. 
One  of  the  first  symptoms  is  pericorneal  congestion,  a characteristic 
of  affections  of  the  uvea  and  cornea,  consisting  of  enlargement  of  the 
fine  vessels  situated  in  the  episcleral  tissue  radiating  from  the  corneal 
margin.  (Fig.  162.)  The  pupil  is  sluggish  and  does  not  respond 
freely  or  quickly  to  light,  accommodation,  or  mydriatics;  as  there 
is  no  exudate,  posterior  synechise  do  not  form.  In  acute  cases  com- 
plete resolution  takes  place  as  the  cause  ceases.  In  chronic  hypersemia 
the  iris  becomes  discolored  from  changes  in  the  pigment  cells,  and  the 
pigment  at  the  pupillary  border  disappears,  the  edge  becoming  ragged 
and  notched.  Senile  changes  in  the  iris  cause  bleaching  of  a similar 
nature. 

Hypersemia  of  the  Ciliary  Body.  Simple  hypersemia  of  the  ciliary 
body  is  accompanied  usually  by  changes  in  the  choroid  of  a congestive 
or  inflammatory  type.  The  ciliary  region  becomes  easily  congested 
by  use  of  the  eyes  or  by  irritation,  and  there  is  ciliary  pain  following 
close  work. 

Etiology.  Hypersemia  being  the  first  stage  of  inflammation,  the 
cause  of  congestion  of  the  iris  or  ciliary  body  may  be  looked  for  in 
eyestrain,  injuries  and  inflamma- 
tions of  the  cornea,  sclera,  choroid, 
and  in  disturbances  of  general 
nutrition. 

Treatment.  Rest,  dark  glasses, 
instillation  of  atropine,  removal 
of  the  general  or  local  cause  of  the 
congestion,  regulation  of  eyework, 
and  correction  of  refractive  errors. 

Iritis.  In  addition  to  the  symp- 
toms of  hypersemia,  true  iritis  is 
attended  by  exudation  into  the 
stroma  of  the  iris  and  the  anterior 
and  posterior  chambers. 

1.  Exudation  into  the  stroma  of 
the  iris  is  attended  by  infiltration 
with  round  cells  which  thickens  and 
swells  the  membrane.  (Plate  XII.,  B.)  The  discoloration  is  more 
pronounced  than  in  hypersemia,  the  distinctness  of  the  markings  on 
the  anterior  surface  becoming  obscured;  the  rigid  and  swollen  iris 
reacts  but  little  to  ligh;  sna  accommodation,  the  pupil  being  greatly 
contracted.  (Fig.  162.) 

2.  Exudation  into  the  anterior  chamber  is  manifested  by  turbidity 
of  the  aquecuo  from  suspension  therein  of  cells;  the  pupil  looks  gray 
instead  of  black;  the  exudate  floating  in  the  aqueous  sinks  into 


Fig.  162. 


Iritis.  The  pupil  is  irregularly  contracted,  and 
circumcorneal  congestion  is  marked. 
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the  bottom  of  the  chamber,  producing  hypopyon.  With  great  hyper- 
emia, exudation  of  blood  may  take  place,  which  sinks  to  the  bottom 
of  the  anterior  chamber— hyphaemia.  (Plate  XIII.,  Fig.  16.)  There 
is  considerable  exudate  upon  the  surfaces  of  the  iris  (Plate  XII.,  B) 
and  upon  the  walls  of  the  anterior  chamber;  hence  the  cornea  and  lens 
appear  cloudy  on  account  of  the  deposit  of  numerous  round  cells  upon 
their  endothelium.  These  may  even  coalesce  and  be  deposited  in  spots, 
but  this  condition  is  more  common  where  the  ciliary  body  is  involved. 
If  these  exudates  become  organized,  a membrane  is  formed,  connected 
with  the  pupillary  margin,  which  closes  the  pupil,  causing  the  condi- 
tion called  occlusion  of  the  pupil  (Plate  XIII.,  Fig.  11) ; this  results  in 
great  impairment  of  vision. 

3.  Exudation  into  the  posterior  chamber  cannot  be  seen  directly 
on  account  of  the  iris  being  closely  applied  to  the  capsule  of  the  lens; 
it  gums  down  the  iris,  forming  adhesions  at  the  pupillary  margin,  or 
posterior  synechice.  (Plate  XIII.,  Figs.  9,  10.)  It  is  the  layer  of  retinal 
pigment  that  becomes  adherent,  and  as  this  deposit  is  formed  when 
the  iritis  is  at  its  height  and  the  pupil  contracted,  when  the  pupil  tends 
to  resume  its  normal  size,  or  if  atropine  be  instilled,  it  is  found  that 
the  iris  retracts  strongly  at  its  unattached  portions,  forming  clover- 
leaf  adhesions.  The  tags  jutting  into  the  pupil  appear  dark  brown 
or  black,  and  there  are  isolated  spots  on  the  lens  capsule,  showing 
where  the  retinal  pigment  has  been  attached  and  torn  awa\  Dilata- 
tion of  the  pupil  by  atropine  at  this  time  may  release  some  or  all  of 
the  adhesions,  but  the  pigment  remains  permanently.  g;ving  evidence 
during  the  whole  lifetime  of  the  patient  that  iritis  once  existed. 

If  adhesion  of  the  iris  to  the  capsule  of  the  lens  exist  around  the 
whole  extent  of  the  pupillary  margin,  it  is  called  annular  posterior 
synechia;  this  results  in  shutting  off  the  anterior  from  the  posterior 
chamber,  exclusion  of  the  pupil  (Plate  XILr.,  Fig.  10),  which  does  not 
of  itself  necessarily  affect  the  sight  if  the  pupil  be  free  from  membrane, 
but  subsequently  causes  increase  of  tension  and  glaucoma,  resulting 
in  blindness.  This  condition  frecuonoly  is  associated  with  occlusion 
of  the  pupil,  and  as  the  latter  rarely  occurs  without  closure  of  the 
anterior  and  posterior  chambers,  \i  is  subject  to  the  same  dangers. 

Cyclitis.  Most  writers  desc  *ibe  cyclitis  under  the  name  of  “ serous 
iritis.”  Inflammation  of  the  ciliary  body  is  attended  always  with 
hyperaemia  or  with  inflammation  in  the  iris.  Simple  cyclitis,  with  but 
little  inflammation  of  or  even  with  but  slight  hyperaemia  in  the  iris, 
may  occur  in  a chronic  form,  the  inflammatory  symptoms  being 
slight,  the  pupils  generally  somewhat  dilated,  the  chief  symptom 
of  obscuration  of  vision  being  due  to  the  presence  of  deposits  on  the 
posterior  surface  of  the  cornea  (Fig.  164),  and  opacities  in  the  vitreous. 

Severe  cyclitis  may  occur  without  marked  symptoms  being  set  up 
in  the  iridic  tissue,  which  only  becomes  hyperaemic.  Exudation  into 
the  anterior  chamber  is  not  usually  pronounced,  and  while  the  iris 
reacts  slowly  to  light,  accommodation,  and  mydriatics,  synechiae  do 
not  tend  to  form. 


DISEASES  OF  THE  IBIS  AND  CILIARY  BODY.  351 

Exudation  from  the  ciliary  body  takes  place  into  the  anterior  and 
posterior  chambers  and  into  the  vitreous. 

1.  Exudation  into  the  anterior  chamber  passes  either  directly  from  the 
anterior  portion  of  the  ciliary  body  through  the  ligamentum  pectina- 
turn  at  the  sinus  of  the  anterior  chamber,  or,  being  deposited  directly 
in  the  posterior  chamber,  is  carried  with  the  aqueous  through  the 
pupil  into  the  anterior  chamber.  In  consequence  of  this,  especially  in 
the  chronic  forms  of  inflammation,  conglomerations  of  cells  aggluti- 


Fig.  163. 


Deposit  upon  posterior  surface  of  cornea  in  cyclitis.  The  endothelium  is  intact  except  where  the 
deposit  is  thickest.  (After  Fuchs.) 

nated  into  masses  by  fibrinous  exudate  (Fig.  163)  are  thrown  against 
the  posterior  surface  of  the  cornea  by  the  centrifugal  force  of  the  eye 
movements,  and  adhere  in  a triangular  shape  to  the  endothelium,  the 
larger  exudates  being  at  the  bottom,  while  the  smaller  are  at  the  upper 
portion  of  the  triangle.  (Fig.  164,  A and  B.)  These  deposits  are  light 
gray  or  brownish,  varying  from  a very  small  size  to  that  of  a pm 
head,  and  formerly  were  supposed  to  be  located  in  Descemet  s lave  ■ 
(descemitis),  but  are  readily  distinguishable  from  macular  deposits 


Fig.  164. 


Deposits  on  posterior  surface  of  cornea  in  cycl.'is.  A.  Larger  deposits.  B.  Smaller. 

in  the  cornea  (keratitis  punctati)  by  oblique  illumination,  by  their 
clear  outline  and  brownish  color,  and  by  the  fact  that  they  are 
all  on  the  same  plane  on  the  posterior  surface,  and  not  in  different 
depths  of  the  cornea.  Ti  the  cornea  be  incised  and  the  aqueous 
allowed  to  escape,  some  of  the  deposits  are  carried  away.  Pigment 
deposit  on  the  surface  of  the  lens  as  well  as  the  posterior  surface  of 
the  cornea  has  been  seen  following  or  during  the  course  of  cyclitis. 
If  the  exudate  from  the  ciliary  body  into  the  anterior  chamber  be 
very  great  it  may  be  deposited  in  the  form  of  hypopyon;  but  if  this 
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occurs,  grayish  spongy  masses  will  be  found  projecting  around  the 
angles  of  the  anterior  chamber. 

2.  The  greater  mass  of  exudate  in  cyclitis  is  deposited  in  the  pos- 
terior chamber,  and  if  extensive  leads  to  adhesion  of  the  whole  posterior 
surface  of  the  iris  to  the  capsule  of  the  lens — total  posterior  synechia. 
As  it  shrinks,  this  exudation  draws  the  iris  everywhere  to  the  anterior 
surface  of  the  lens,  so  that  the  posterior  chamber  is  obliterated  and 
the  anterior  chamber  becomes  proportionately  deeper,  especially  at 
the  periphery,  where  the  iris  is  displaced  farther  backward.  (Fig. 
165.)  This  occasions  the  same  danger  of  glaucoma  as  spoken  of  in 
exclusion  of  the  pupil. 

3.  Exudation  into  the  vitreous  causes  opacity,  which  if  of  large  size 
and  in  the  anterior  portion  causes  great  diminution  of  vision.  If  the 


Fig.  165. 


Iridocyclitis  after  perforatinj  injury.  Magnified  30  times.  (After  Fuchs.) 


media  be  sufficiently  char,  they  may  be  seen  under  lateral  illumina- 
tion as  a gray  mass  behind  the  lens,  causing  the  condition  known  as 
pseudoglioma.  (Plate  XV.,  C,  and  Fig.  198.)  The  sight  is  lost  and 
atrophy  of  the  eyeball  occurs. 

The  tension  of  the  eye,  which  in  iritis  usually  is  unchanged,  often  is 
elevated  in  the  beginning  of  cyclitis,  so  much  that  glaucoma  may  set 
in  and  blindness  speedily  be  produced.  In  the  later  stages  of  cyclitis, 
on  account  of  the  shrinking  of  the  exudates,  diminution  of  the  ocular 
pressure  is  more  common. 

r,’ho  subjective  symptoms  of  both  iritis  and  cyclitis  are  those  of  severe 
inflammation,  consisting  of  lacrymation,  photophobia,  and  severe 
pain.  The  pain  and  tenderness  are  situated  not  only  in  the  eyeball,  but 
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also  in  the  surrounding  parts,  especially  the  region  of  the  eyebrows. 
In  the  acute  cases  the  pain  is  intense,  while  chronic  cases  occur  in 
which  inflammatory  symptoms  are  almost  entirely  wanting.  In  severe 
iridocyclitis  the  pain  is  intolerable,  particularly  at  night,  and  is  accom- 
panied by  hyperpyrexia  and  sometimes  vomiting.  Vision  is  always 
more  or  less  diminished.  On  account  of  the  increased  refractive 
index  of  the  aqueous  in  iritis,  a pseudomyopia  is  developed  in  the 
course  of  the  disease,  which  disappears  after  resolution  takes  place. 

The  following  signs  show  'positive  evidence  of  involvement  of  the 
ciliary  body:  1.  When  the  inflammatory  symptoms  are  very  severe, 
especially  if  associated  with  oedema  of  the  upper  lid.  2.  When  the 
ciliary  region  is  painful.  3.  When  deposits  occur  on  the  cornea. 
4.  When  the  anterior  chamber  becomes  very  deep  from  gumming 
down  of  the  ciliary  margin  of  the  iris.  5.  When  the  visual  acuity 
is  greatly  lowered,  which  is  due  to  involvement  of  the  vitreous.  6. 
When  the  tension  either  is  lowered  or  elevated. 

Course  and  Sequelae  of  Iritis  and  Cyclitis.  Course  Acute  cases 
associated  with  marked  inflammation  run  a severe  course,  the  average 
case  of  iritis  lasting  from  one  to  two  months,  the  first  signs  of  improve- 
ment being  decrease  of  the  congestion  and  pain  and  prompt  action 
of  atropine.  Chronic  cases  show  but  slight  symptoms  of  inflammation : 
an  iridocyclitis  or  iridochoroiditis  may  last  a number  of  years. 
Relapses  of  inflammation  in  the  iris  and  ciliary  body  are  common, 
being  due  to  renewal  of  the  exciting  cause  rather  than  to  the  mechani- 
cal effect  of  the  adhesions  which  may  have  formed.  Formerly  it  was 
supposed  that  posterior  synechise  were  particularly  dangerous,  and 
many  operations  were  devised  for  cutting  the  iris  loose  at  its  peripheiy. 
Unless  the  adhesions  have  caused  exclusion  or  occlusion  of  the  pupil, 
they  should  be  left  alone. 

Complete  resolution  may  take  place  in  mild  cases,  if  seen  sufficiently 
early  and  the  pupil  kept  dilated  by  atropine.  Even  if  posterior 
adhesion  of  the  iris  has  taken  place,  the  pupil  may  fuHy  dilate,  leaving, 
however,  pigment  spots  upon  the  anterior  capsule  of  the  lens,  which 
do  not  become  absorbed  and  may  later  be  seen  during  the  entire  life- 
time of  the  patient  by  oblique  illumination  or  che  ophthalmoscope; 
they  are  likewise  subjectively  evident  as  floating  specks  before  the 
eyes.  Hypopyon,  hyphaemia,  exudates  into  the  anterior  chamber,  and 
slight  opacities  of  the  vitreous  may  disappear  completely  by  resorption. 

Sequelae.  In  most  cases  permanent  sequelae  remain  after  iritis 
and  cyclitis:  1.  The  most  common  sequelae  of  iritis  are  posterior 
synechicc;  these  are  evident  by  circumscribed  adhesions  of  the  iridic 
pigment  at  the  pupillary  margin  to  the  anterior  capsule  of  the  lens, 
the  pupil  being  irregular  and  responding  to  mydriatics  incompletely  in 
a clover-leaf  form.  (Piute  XIII.,  Fig.  9.)  Complete  adhesion  of  the 
pupillary  margin  causes  exclusion  of  the  pupil,  the  body  of  the  iris 
being  pushed  forward,  producing  the  condition  known  as  iris  bombe 
(Plate  XIII.,  Figs.  10,  11);  the  pupil  being  represented  as  a crater; 
the  iris  being  gT^atly  stretched  becomes  atrophic,  elevation  of  intra- 
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ocular  pressure  occurs,  and  the  symptoms  of  secondary  glaucoma 
set  in.  On  account  of  the  increase  of  tension,  the  sclera  may  give 
way  in  places,  forming  ectasise.  2.  Atrophy  of  the  iris , especially  of 
its  pigment,  appears  as  the  result  of  repeated  recurrences  or  chronic 
inflammation;  the  delicate  markings  of  the  anterior  surface  disap- 
pear, the  pupillary  margin  is  thinned  down,  and  dilated  vessels  may 
often  be  distinguished.  The  iris  pigment,  particularly  of  the  retinal 
layer,  becomes  absorbed  and  a black  ring  at  the  edge  of  the  pupil  is 
no  longer  seen,  the  edge  of  the  iris  looking  frayed  and  its  tissue 
lighter  in  color.  The  atrophic  iris  is  very  friable  and  makes  perform- 
ance of  iridectomy  very  difficult.  3.  Occlusio  pupillce  is  caused  by 
organization  of  the  exudate  forming  a pupillary  membrane  which 
diminishes  the  vision  in  proportion  to  its  thickness.  4.  Exudates  be- 
hind the  iris  : total  posterior  synechiae  has  been  described.  In  severe 
cases  the  fibrous  mass  completely  envelops  the  lens,  and,  as  resolution 
goes  on,  has  a tendency  to  shrink,  causing  the  anterior  chamber  to 
become  deeper  from  shrinking  of  the  vitreous,  and  direct  contraction 
causing  detachment  of  the  vitreous  and  retina.  5.  Atrophy  of  the 
eyeball  follows,  which,  on  account  of  the  diminished  tension  from 
the  effect  of  the  extra-ocular  muscles  pulling  upon  the  ball,  becomes 
of  a quadrangular  shape,  being  grooved  at  the  insertion  of  the 
recti.  The  cornea  becomes  smaller,  opaque,  and  flattened  at  times 
remaining  transparent,  and  becoming  abnormally  pro  rube:  ant  or 
thrown  into  folds.  The  lens.and  remaining  vitreous  become  opaque 
and  the  eye  blind.  The  eye  becomes  sensitive  to  touch,  and 
secondary  attacks  of  pain  occur,  especially  if  the  eye  harbors  a 
foreign  body,  or  deposits  of  bone  or  calcareous  tissue  develop.  The 
atrophy  pursues  a course  of  months  or  years,  and  pain  usually  dis- 
appears when  complete  shrinkage  occurs;  the  condition  then  is 
known  as  phthisis  bulbi.  6.  Opacity  of  the  lens  occurs  on  account  of 
disturbed  nutrition,  particularly  in  cy<  litis,  as  the  iris  and  ciliary 
body  become  attached  by  exudates  to  the  lens.  Such  a cataract  is 
known  by  the  name  cataracta  uccreta.  In  atrophic  eyeballs  the 
lens  is  always  opaque  and  shrunken. 

Etiology  of  Iritis  and  Cyclms.  Iritis  and  cyclitis  may  arise  as  a 
primary  process,  the  original  site  of  the  inflammation  being  in  the 
iris  or  ciliary  body.  It  is  caused  in  the  majority  of  cases  by  dys- 
crasise  and  general  diseases.  In  such  cases  both  eyes  usually  are 
affected,  although  not  always  at  the  same  time.  The  inflammation 
may  likewise  arise  as  a local  affection,  under  which  heading  we  put 
traumatism  and  those  idiopathic  cases  in  which  we  can  discover  no 
definable  cause;  here  the  disease  usually  affects  but  one  eye.  To 
this  subdivision  belongs  also  sympathetic  inflammation.  Iritis  and 
cychtis  may  likewise  arise  as  secondary  affections  from  inflammation 
transmitted  from  the  neighboring  structures.  In  classifying  inflam- 
mations of  the  iris  and  ciliary  body  according  to  the  above  scheme, 
we  call  them  iritis  or  cyclitis  or  iridocyclitis  according  to  the  struct- 
ure principally  involved. 
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Primary  Iritis  and  Oyclitis.  Syphilitic  Iritis.  Syphilis  is  respon- 
sible for  at  least  one-half  of  the  cases  of  iritis.  It  is  an  early  secondary 
symptom,  appearing  shortly  after  the  first  macular  eruption,  and 
occurs  in  5 per  cent,  of  the  cases  of  syphilis.  The  inflammation  has 
a characteristic  appearance  in  that  nodules  of  a yellowish-red  color, 
of  the  size  of  a pin’s  head  or  larger,  form  either  on  the  ciliary  or 
pupillary  margin  of  the  iris,  but  never  between.  In  the  majority  of 
cases  these  nodules  disappear,  leaving  broad  and  solid  synechise  and 
atrophy  of  the  iris  tissue.  In  some  cases  no  distinct  nodules  are 
formed,  but  the  pupillary  margin  is  swollen  in  places,  and  unusually 
broad  synechise  form  which  do  not  yield  to  atropine.  Iritis  may 
occur  in  the  later  stages  of  syphilis  without  the  formation  of  nodules, 
but  gummata  (iritis  gummatosa)  (Plate  XIII.,  Fig.  19)  may  develop 
in  the  iris  and  ciliary  body,  and,  attaining  great  dimensions,  break 
through  the  envelopes  of  the  eye,  bringing  about  its  destruction. 

Iritis  likewise  occurs  in  hereditary  syphilis , although  not  so  fre- 
quently, being  usually  associated  with  interstitial  keratitis,  occurring 
early  in  childhood,  while  acquired  syphilis  usually  is  observed  in 
adults. 

Inflammation  of  the  choroid  is  associated  with  more  than  half  of  the 
cases  of  syphilitic  iritis  and  cyclitis;  the  retina  and  optic  nerve  are 
frequently  involved.  There  is  a tendency  to  recurrence.  The  actual 
diagnosis  can  be  established  only  by  demonstration  of  the  presence 
. of  syphilis  or  the  favorable  action  of  antisyphilitic  remedies. 

Iritis  Scrofulosa.  Iritis  scrofulosa  bears  a resemblance  to  the  iritis 
of  hereditary  syphilis,  occurs  in  anaemic  and  scrofulous  children 
and  youths,  and  often  is  characterized  by  lardaceous-looking  deposits 
which  appear  to  come  from  the  angle  of  the  anterior  chamber. 

Iritis  Tuberculosa.  Tubercular  deposits  may  occur  primarily  in  the 
iris  and  ciliary  body  from  wound  infection,  or,  secondarily,  in  con- 
nection with  general  disease.  They  may  take  the  form  of  miliary 
growths,  with  consequent  inflammation,  or  mav  form  Urge  tumors. 
(Figs.  187  and  188.) 

Iritis  Rheumatica.  Iritis  rheumatica  appears  in  persons  of  the 
rheumatic,  arthritic,  or  uric-acid  diathesis,  is  characterized  by  in- 
flammation with  little  exudation,  and  has  a marked  tendency  to  recur. 

Iritis  Gonorrhceica.  Iritis  gonorrhcoici  develops  where  general 
infection  has  arisen  from  gonorrhoea.  It  is  associated  usually  with 
gonorrhoeal  rheumatism,  arising  afctr  Lne  outbreak  in  the  larger  joints. 
It  exhibits  recurrences  frequently  associated  with  renewal  of  the 
urethral  discharge  or  of  the  joint-affection. 

Iritis  has  been  seen  in  relapsing  fever  and  variola.  Iritis  occurs 
in  diabetics , associated  with  hypopyon. 

Iritis  ldiopathica.  Idiopathic  iritis  is  the  form  in  which  the  cause 
remains  obscure,  being  usually  attributed  to  cold.  The  acute  form  is 
generally  unilateral,  the  chronic  form  generally  appears  wuth  symp- 
toms of  cycldis  and  choroiditis,  with  light  inflammatory  symptoms, 
and  runs  a icog  course.  This  has  already  been  described  under  the 


heading  Cyclitis.  It  has  been  called  iritis  serosa.  When  it  occurs 
in  persons  of  advanced  age  the  cause  seems  to  be  defective  nutrition, 
and  it  slowly  progresses  until  blindness  sets  in. 

Iritis  Traumatica.  The  causes  of  traumatism  of  all  kinds,  espe- 
cially perforation  of  the  eyeball,  traumatic  iritis,  and  iridocyclitis, 
are  described  under  their  respective  headings. 

Iridocyclitis  Sympathetica.  Sympathetic  inflammation  is  discussed 
on  page  390. 

Secondary  Iritis  and  Iridocyclitis.  Inflammation  of  the  iris  and 
the  ciliary  body  may  develop  by  transmission  from  neighboring  struct- 
ures, more  especally  suppurative  keratitis  and  the  deeper  forms  of 
scleritis;  more  rarely  it  is  caused  by  severe  conjunctivitis.  Inflam- 
mations sometimes  pass  forward  from  the  posterior  section  of  the 
eye,  from  choroiditis,  intra-ocular  tumors,  cysticercus,  and  swelling 
of  the  lens.  Cysticercus  and  filaria  have  been  observed  in  the  anterior 
chamber  and  iris  by  Continental  writers,  and  have  been  successfully 
removed. 

Treatment  of  Iritis  and  Cyclitis.  Most  cases  of  iritis  and  cyclitis 
demand  both  local  and  general  treatment. 

Local  Measures.  1.  The  mode  of  life  requires  modification; 
physical  exertion  should  be  avoided,  and,  in  severe  cases,  rest  in  bed 
is  imperative.  Because  light  excites  the  pupil  to  contraction,  and  on 
account  of  photophobia,  both  eyes  should  be  protected  by  the  patient 
being  made  to  wear  dark  glasses  and  an  eye-shade,  and,  as  a rule, 
being  kept  in  a moderately  darkened  room.  (Thi:  is  one  of  the  few 
eye  diseases  in  which  a dark  room  is  demanded.  Confinement  of 
eye  patients  to  the  necessarily  poorly  ventilated  darkened  room 
frequently  does  more  harm,  as  regards  recuperation,  than  the  good 
that  may  be  obtained  from  the  absence  of  irritation  from  light;  thus 
the  dark  room,  except  for  the  treatment  for  iritis  and  some  cases 
of  conjunctivitis,  has  almost  disappeared  from  modern  ophthalmic 
practice.)  The  healthy  eye  should  not  be  strained  by  reading,  and, 
as  a rule,  it  should  be  put  in  a sphnt  by  the  use  of  atropine,  as  the 
synergetic  action  of  the  pupils  to  light  and  accommodation  is  dele- 
terious. 

2.  With  the  exception  of  traumatic  cases  (when  during  the  first 
twenty-four  hours  iced  applications  may  be  used),  hot  compressing 
is  indicated  in  all  eases  of  iritis  and  cyclitis.  The  moist  heat  gives 
relief  from  pain  and  favors  metabolism,  thus  hastening  recovery. 
Moist  heat  may  be  applied  by  cloths  wrung  out  of  hot  water,  over 
which  flannel  may  be  laid  to  conserve  the  heat,  the  compresses  being 
changed  tvcry  two  minutes.  Several  ingenious  forms  of  applying 
heat  by  siphon  or  electric  apparatus,  under  which  moist  cloths  are 
kept,  iney  be  used. 

3 Extensive  blood-letting  by  the  Heurteloup  artificial  leech  (Fig. 
160)  appl’ed  to  the  temple  once  or  twice,  and  repeated  later, 
If  necessary,  may  greatly  diminish  the  inflammatory  symptoms. 
Frequently  after  such  a procedure  the  pupil  yields  'or  the  first  time 
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to  the  action  of  atropine.  Natural  leeches  may  be  used,  of  which 
six  or  eight  may  be  applied,  but  they  are  often  unobtainable,  are 
difficult  of  application,  and  are  disgusting  to  the  patient. 

Medicinal  Treatment.  Atropine  is  the  most  important  remedy 
in  iritis,  as  it  dilates  the  pupil,  diminishes  the  amount  of  blood  n the 
vessels,  and  counteracts  the  hyperemia;  by  paralyzing  the  sphincter 
it  puts  the  inflamed  organ  at  rest;  by  enlarging  the  pupil  it  ruptures 
recent  posterior  synechia? , as  when  the  iris  is  ful  y contracted  its  edge 
is  not  against  the  lens,  and  it  prevents  the  formation  of  adhesions. 
The  amount  of  atropine  used  should  be  carefully  regulated  according 
to  the  intensity  of  the  inflammation.  As  during  the  period  of  ncrease 
of  inflammation,  spasm  of  the  sphincter  exists,  it  is  usually  difficult 
to  dilate  the  pupil,  and  atropine  should  be  used  in  strong  solutions 
(1  per  cent,  to  5 per  cent,  every 
three  or  four  hours ; or,  if  the  pupil 
does  not  dilate,  place  a granule  of 
atropine  in  the  conjunctival  sac, 
taking  care  to  close  the  lacrymal 
puncta  for  a few  minutes  by 
stretching  the  skin  over  them  with 
the  finger-tip) . By  the  simultane- 
ous employment  of  cocaine  (3  per 
cent.)  or  holocaine  (1  per  cent.), 
the  action  of  atropine  may  be 
heightened.  On  account  of  sys- 
temic symptoms,  strong  solutions 
cannot  be  used  more  than  a few  times  in  succession,  ant  may 
have  to  be  combated  by  the  administration  of  morphine  inter- 
nally. Atropine  catarrh,  from  the  continuous  instillation  of  die  drug, 
may  occur  ; and  if  so,  the  mydriatic  should  be  changed  to  scopo- 
lamine (0.1  per  cent,  to  0.5  per  cent.)  or  duboisine  (1  per  cent.). 
If  the  inflammation  be  very  severe,  instillation  of  1 : 1000  adrenalin 
chloride  tends  to  reduce  the  congestion,  not  only  in  the  external 
membranes  of  the  eye,  but  also  in  the  iris  and  ciliary  body.  Dionin, 
in  10  per  cent,  solution,  instilled  several  iin;“s  a day,  is  of  marked 
value  as  a lasting  local  anaesthetic  in  cases,  of  iritis  as  well  as  corneal 


Heurteloup  artificial  leech. 


ulcer. 

In  cases  of  iridocyclitis  in  whic1^  the  implication  of  the  ciliary 
body  is  particularly  prominent,  and  fdso  in  pure  cyclitis,  atropine  is 
not  well  borne.  If  pain  is  caused  by  its  instillation,  or  there  is 
elevation  of  tension,  atropine  should  be  stopped,  and  dionin  and 
adrenalin  chloride  alone  used. 

General  Measures  1.  In  all  cases  it  is  important  to  keep  the  ali- 
mentary tract  in  ora°r  by  regulation  of  the  diet , which  should  be 
limited  to  simple  rocrishing  food,  and  constipation  combated , prefer- 
ably by  saline  cathartics. 

2.  The  etiological  factors  should  be  considered,  the  majority  of 
cases  demanding  general  medical  treatment.  Syphilitic  iritis  offers 


the  most  favorable  prognosis,  as  it  generally  responds  to  energetic 
treatment.  As  the  remedy  should  act  promptly,  mercury  is  given 
in  the  form  of  inunction  (4  gm.  of  blue  ointment  or  of  the  oleate 
rubbed  into  the  arms  and  thighs  twice  a day,  or  the  same  quantity 
smeared  on  the  soles  of  the  feet),  and  is  continued  until  the  diseased 
eye  is  no  longer  inflamed,  or  until  symptoms  of  ptyalism  occur, 
and  then  iodide  of  potassium  or  sodium  is  administered  in  gradually 
increasing  doses  (1  to  10  gm.,  three  times  daily).  The  other  alteratives, 
especially  arsenic  and  gold,  either  singly  or  in  combination  with 
mercury,  are  of  benefit  (auri,  arseni.  et  hydrargyri  bromidi,  aa  0.001 
to  0 002  gm.,  three  times  daily). 

The  general  treatment  after  the  iritis  has  passed  away  is  that  laid 
down  for  syphilis  in  general. 

In  hereditary  syphilis  the  treatment  should  be  tonic  as  well  as 
specific:  syrup  of  the  iodide  of  iron  (1  to  2 c.c.,  three  times  daily), 
together  with  cod-liver  oil  (4  to  16  c.c.,  three  times  daily),  syrup  of 
hydriodic  acid  (2  to  4 c.c.,  three  times  daily).  If  gumma ta  form  and 
are  not  relieved  by  specific  remedies,  perforation  of  the  eye  may  take 
place,  and  enucleation  may  have  to  be  done.  Other  operations  in 
the  height  of  specific  iritis  are  usually  contraindicated. 

In  iritis  rheumatica  and  gonorrhoeica , sodium  salicylate  (1  to  2 gm., 
three  times  daily)  or  the  oil  of  gaultheria  (0.3  to  0.6  c.cd  are  indi- 
cated, and  give  relief  in  about  the  same  proportion  of  cases  as  in  other 
rheumatic  lesions.  In  iritis  diabetica , arsenic  seems  te  Se  of  service. 
In  gouty  subjects  the  causes  of  the  defective  uric-acic7  Jimination  and 
such  lesions  as  iritis  are  frequently  assisted  to  disappear  by  cystogen 
or  urotropin  (0.3  to  0.5  gm.,  three  times  daily  between  meals),  to- 
gether with  appropriate  diet  and  lithia  waters 

Treatment  of  the  Sequelae  of  Iritis  and  Iridocyclitis.  Narrow  and 
isolated  posterior  synechice  may  often  be  t jptured  by  the  employment 
of  atropine  (1  to  5 per  cent.)  by  itself,  or  in  combination  wiJh  holo- 
caine  (1  per  cent.)  or  cocaine  (5  per  cent.).  As  a very  energetic 
action  is  desired,  it  is  secured  mc^t  certainly  by  placing  the  pure 
drug  direct  in  the  conjunctival  sac;  the  alternate  use  of  myotics  and 
mydriatics,  the  pupil  being  first  contracted  with  eserine  (0.2  per 
cent.),  and  then  energetically  dilated  with  atropine,  is  even  more 
effective,  but  such  procedures  should  not  be  made  until  some  time 
after  the  iritis  has  been  subdued.  Broad  synechia  cannot  be  divided 
by  such  means,  and  were  formerly  operated  upon  (corelysis),  as  it  was 
believed  that  the  action  of  the  iris  in  the  opening  and  closing  of  the 
pupil,  caused  h citation  which  set  up  recurrence  of  the  iritis;  but  it 
is  now  recognized  that  in  such  cases  the  original  causal  factor  again 
acted,  and,  hence,  such  operations  are  now  seldom  practised. 

Annular  posterior  synechia , with  exclusio  pupillce  in  addition, 
demands  iridectomy  in  order  to  restore  communication  between  the 
antprior  and  posterior  chambers,  for,  if  allowed  to  remain,  secondary 
glaucoma  surely  sets  in.  The  operation  is  often  difficult,  on  account 
of  the  shallowness  of  the  chambers,  due  to  protrusion  of  the  iris 
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( iris  bombe,  Plate  XIII.,  Figs.  10,  11),  and  also  on  account  of  atrophy 
of  the  tissue.  Thus  a good-looking  coloboma  is  seldom  the  result  in 
such  cases,  and  we  must  be  contented  if  a permanent  opening  re- 
mains, for  the  anterior  chamber,  in  consequence  of  restoration  of  the 
connection  between  the  two  chambers,  regains  its  normal  depth,  and 
a secondary  operation  may  be  performed  later. 

Total  'posterior  synechia  also  requires  iridectomy,  which  is  frequently 
unsuccessful,  as,  on  account  of  the  adhesion  of  the  iris  by  its  whole 
posterior  surface  to  the  lens  it  is  frequently  impossible  to  excise  a 
sufficiently  large  segment.  In  such  cases  the  lens  may  be  removed, 
together  with  more  or  less  of  the  iris,  or,  if  absent,  iridotomy  is 
indicated. 

Neoplasmata  of  the  Iris  and  Ciliary  Body.  Benign  Tumors,  a. 
Cysts  of  the  Iris.  Serous  cysts  may  develop  within  the  stroma  of  the 
iris  after  penetrating  wounds  of  the  eyeball,  growing  gradually  until 
they  reach  the  posterior  surface  of  the  cornea,  and  fill  all  or  a portion 
of  the  anterior  chamber.  Their  walls  are  formed  by  thinned  iris  tissue. 
They  produce  elevation  of  tension,  and  from  this  glaucoma  results. 

b.  Dermoid  tumors  have  been  reported  (Fig.  167),  being  caused  by 
penetrating  injuries  by  which  epithelial  cells  are  carried  within, 
starting  up  tumor  growth.  These  may  even  grow  one  or  two  hairs, 
as  is  the  case  with  dermoids  elsewhere. 

Treatment.  As  such  tumors  are  not  benign  when  arising  within 
the  eye,  they  should  be  removed  early  by  operation,  by  incising  the 
cornea  at  a point  corresponding 
with  the  growth,  entering  the  for- 
ceps, withdrawing,  and  cutting 
out  the  tumor  with  the  adjoining 
iris. 

Melanomata  are  rare  forms  of 
real  benign  growths  arising  from 
proliferation  of  the  pigment  stroma 
cells  growing  into  the  anterior 
chamber.  They  rarely  become 
of  consequence,  and  are  to  be 
distinguished  from  sarcomatous 
growths  by  their  slow  course, 
small  size,  and  absence  of  inflam- 
matory symptoms.  The  pigment 
reflection  upon  the  anterior  sun  ace  of  the  iris  at  the  edge  of  the 
pupil  may  proliferate  and  project  into  the  pupil;  they  sometimes 
become  separated  from  the  pupillary  margin,  dropping  into  the  an- 
terior chamber,  but  they  rurely  become  larger  than  a grain  of  wheat, 
and  are  of  very  slow  growth. 

Malignant  Tumc  rs.  Sarcomata  of  the  iris  may  arise  alone  or  in  con- 
nection with  the  ciliary  body.  (Plate  XIII. , Fig.  18.)  Those  of  the 
iris  grow  veov  slowly  at  first,  appearing  as  pigmented  brown  tumors, 
finally  filling  the  anterior  chamber;  they  then  grow  back  into  the  ciliary 


Fig.  167. 


Dermoid  tumor  of  the  iris. 
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THE  EYE. 


region  and  fill  the  interior  of  the  eye,  breaking  through  the  ocular 
envelopes,  and  extending  their  growth  externally.  Sarcomata  of  the 
ciliary  body,  like  those  of  the  iris  and  choroid,  at  first  give  rise  to 
but  little  inconvenience,  but,  finally,  from  their  size,  cause  pressure 
symptoms,  following  the  same  course  as  those  of  the  iris  and 
choroid. 

These  are  more  particularly  described  in  the  chapter  on  Neoplas- 
mata  of  the  Choroid. 

Treatment.  Malignant  growths  of  the  iris  when  very  small  may 
perhaps  be  excised,  but  it  is  safer  for  the  life  of  the  patient  where 
they  are  of  any  size,  and  in  those  involving  the  ciliary  body,  to 
remove  the  eyeball  as  soon  as  the  diagnosis  is  made. 

Tubercular  tumors  usually  occur  in  children  and  young  adults. 
They  generally  begin  as  a tubercular  iritis,  but  when  the  nodules 


Fig.  168. 


Fig.  169. 


Fig.  168.— Tuberculosis  of  ciliary  body  and  ii  s causing  cyclitis,  showing  occlusion  of  pupil  with 
retraction  of  iris  and  deep  anterior  chamber.  Total  posterior  synechia.  (Photograph  from  specimen.) 

Fig.  169— Tubercular  tumorofiris,  antc-ic*- chamber  shallow  from  being  almost  filled  by  neoplasm, 
which  fills  lower  part  of  posterior  chamber.  (Photograph  from  specimen.) 

enlarge  and  form  tumors,  their  course  is  much  the  same  as  that  of 
malignant  growths,  and  they  are  amenable  to  the  same  treatment— 
i.  e.,  enucleation 

Gummata  of  the  iris  and  ciliary  body  form  as  yellowish  tumors 
of  somewhat  rapid  growth,  occurring  during  the  course  of  acquired 
or  inherited  syphilis  as  one  of  the  later  manifestations.  (Plate  XIII., 
Fig.  19  ) They  seem  to  be  rapidly  resorbed  on  exhibition  of  mer- 
curial inunctions  and  large  doses  of  iodide  of  potassium. 

Vtry  rare  forms  of  iridic  tumors,  such  as  vasculomata,  myomata, 
an  i myosarcomata  from  the  ciliary  muscle,  carcinoma  from  the  pars 
ciliaris  retinse,  and  lepra  nodules,  have  been  reported. 
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Injuries  of  the  Iris  and  Ciliary  Body.  Wounds  and  Foreign  Bodies . 
Penetrating  wounds  of  the  iris  are  complicated  by  wounds  of  the 
cornea,  and  usually  with  that  of  the  lens  and  ciliary  body.  If  the 
ciliary  body  be  injured,  the  conjunctiva,  the  sclera,  choroid,  retina, 
and  vitreous,  as  well  as  the  iris,  are  usually  affected.  If  the  pene- 
trating body  be  clean,  infection  does  not  take  place,  there  is  usually 
but  little  bleeding,  and  healing  results,  with  damage  dependent  upon 
the  extent  of  the  injury.  If  a wound  of  the  iris  be  accompanied  by 
infection,  inflammation  results  which  may  extend  to  the  ciliary  body 
and  choroid,  with  resultant  iritis  and  iridochoroiditis.  Sympathetic 
ophthalmitis  may  arise  from  infected  iris  injuries,  but  is  usually 
due  to  those  of  the  ciliary  region. 

Foreign  Bodies  in  the  Iris.  Non-inf ectious  foreign  bodies  may 
remain  in  the  anterior  chamber,  or  be  encapsulated  in  the  tissue  of 
the  iris  for  a long  time  without  giving  rise  to  inflammation.  They 
may  be  removed  by  corneal  incision  and  the  iris  forceps,  with  or 
without  section  being  made  of  the  iris.  (Plate  XIII.,  Fig-  15.)  The 
extraction  of  pieces  of  steel  or  iron  from  the  anterior  chamber  by  the 
electromagnet  offers  the  most  promising  prognosis  for  the  operation. 
(These  subjects  are  more  specifically  described  in  the  chapter  on 
Sympathetic  Inflammation.) 

Traumatic  Changes  in  the  Iris.  Lacerations  of  the  iris  usually 
start  from  the  pupil,  and  may  extend  to  the  ciliary  margin,  so  that 
the  pupil  appears  to  be  pear-shaped.  As  a rule,  the  pupillary  margin 
is  torn  but  little,  and  the  gaping  can  only  be  discovered  by  careful 
examination.  Such  lacerations  are  the  most  frequent  cause  of  dila- 
tation of  the  pupil,  occurring  after  contusions,  as  they  cause  week 
ening  or  paralysis  of  the  sphincter,  due  to  laceration  of  its  fibres. 
They  frequently  accompany  simple  cataract  extraction  (without 
iridectomy),  and  are  caused  by  tearing  of  the  iris  in  the  efforts  to 
remove  the  cataractous  lens  through  an  unyielding  pupil.  The  iris 
and  ciliary  muscle  may  also  be  paralyzed  by  contusion,  so  that 
accommodation  is  affected. 

Iridodialysis.  Separation  of  the  iris  from  the  ciliary  body  is  usually 
of  considerable  extent,  involving  even  as  much  as  one-half  of  the 
ciliary  margin;  it  is  usually  single,  but  sometimes  multiple.  In  the 
former  we  find  two  pupils,  in  the  latter  several.  (Plate  XIII.,  Figs. 
13,  14.)  The  portion  of  the  natural  pupil  toward  the  dialysis  is  flat- 
tened. In  the  iridodialysis  we  may  see  the  edge  of  the  lens,  the 
zonule  of  Zinn,  and  the  edges  of  the  ciliary  processes.  As  a rule, 
the  sight  is  but  little  affected,  although  if  the  dialysis  be  so  great 
that  the  torn  portion  of  the  iris  lies  in  the  visual  line,  central  vision 
may  be  affected.  Monocular  diplopia  may  occur,  on  account  of 
images  being  formed  through  the  several  openings  upon  the  retina. 

Iridircemia  Traumatica.  If  the  iridodialysis  be  of  such  extent  that 
the  iris  become  , corn  in  its  full  extent  from  its  ciliary  attachment, 
it  may  fall  do  vn  in  the  bottom  of  the  anterior  chamber,  and  later 
shrink  to  an  inconspicuous  gray  mass.  If  rupture  of  the  sclera  in  the 


ciliary  region  be  produced  at  the  same  time,  the  iris  may  extrude 
or  be  expelled  from  the  eye. 

Inversion  of  the  iris  consists  in  its  being  pushed  and  turned  back 
so  as  to  lie  upon  the  surface  of  the  ciliary  body,  and  it  looks  as  if 
it  were  absent;  partial  dislocation's  more  frequently  observed,  and 
here  the  iris  seems  to  be  wanting,  a coloboma  appearing  to  exist. 
Total  inversion  is  very  rare. 

Hyphcemia  or  hemorrhage  into  the  anterior  chamber  is  due  to  and 
generally  accompanies  wounds  of  the  iris.  (Plate  XIII.,  Fig.  16.)  It 
is  particularly  marked  in  contusions  of  the  eyeball  and  in  operations 
on  irides  that  have  been  previously  inflamed.  The  blood  sinks  to 
the  bottom  of  the  anterior  chamber,  and  disappears  by  resorption 
within  a few  days,  when  we  may  determine  the  extent  of  the  injury. 
It  is  sometimes  impossible  to  find  a solution  of  continuity  of  the 
iris  structure.  The  subjective  symptoms  of  hyphaemia  depend  upon 
its  extent.  If  excessive,  so  that  the  tension  is  raised,  considerable 
pain  is  complained  of,  and  glaucoma  may  follow. 

Causes  of  Traumatic  Changes  in  the  Iris.  These  are  most  frequently 
non-penetrating  blows  upon  the  eye  in  which  two  factors  cause  the 
injury:  1.  The  flattening  of  the  cornea  from  the  contusion,  by  which 
its  circumference  and  also  the  insertion  of  the  iris  become  larger. 
If  this  enlargement  takes  place  suddenly,  the  iris  does  rot  adapt 
itself,  and  tears  away  in  places  from  its  insertion,  so  that  iridodialysis 
is  produced.  2.  The  cornea  being  flattened,  pushes  1 ho  aqueous 
backward  against  the  posterior  wall  of  the  anterior  ci. amber,  which 
in  the  area  of  the  pupil  is  formed  by  the  lens,  an  1 in  the  rest  of  its 
extent  by  the  iris.  The  latter,  when  pushed  backward,  finds  its 
support  in  the  lens,  except  in  the  marginal  portion  of  the  iris,  where 
the  posterioi  chamber  is  deepest;  therefcp,  the  periphery  forms 
the  most  yielding  spot,  and  is  the  first  to  give  way  before  pressure. 
This  bulges  the  iris  back  as  far  as  the  zonula,  or  even  into  the 
vitreous.  Thus,  a blow  upon  the  eye  may  produce:  (a)  marked 
stretching  of  the  vitreous  in  a radial  direction;  (6)  dilatation  of  the 
pupil;  (c)  in  extreme  cases,  rupture  of  the  zonula.  The  first  affec- 
tion may  cause  iridodialysis:  t-ne  second,  radiating  lacerations  of  the 
sphincter,  and,  consequently  paralysis  of  the  pupil;  the  third  affection 
subluxation  or  luxation  of  < he  lens,  iridonesis,  or  tremulous  iris.  If 
the  edge  of  the  iris  slip  back  over  the  lens,  it  may  produce  inversion 
of  the  iris,  and  the  lens  may  be  luxated  into  the  anterior  chamber. 
Lacerations  of  the  pupillary  edge  may  be  produced  during  the  simple 
operation  for  cataract— i.  e.,  without  iridectomy  where  the  sphincter 
pupillse  is  i igid  and  does  not  permit  of  easy  passage.  Iridodialysis 
may  also  be  produced  in  operations  upon  the  iris;  if  the  eye  makes 
a violent  movement  or  the  iris  be  roughly  grasped  with  the  forceps, 
the  ins  uas  been  known  to  have  been  entirely  torn  out  during  such 
an  op 'ration.  In  iridectomy  done  for  occ'usion  of  the  pupil,  the  iris 
may  be  torn  loose  at  its  periphery  if  the  adhesion  at  the  pupillary 
area  does  not  give  way;  hence  the  iris  ought  always  first  to  be 
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Fig.  170. 


released  from  the  pupillary  membrane  before  it  is  drawn  out  of  the 
wound.  Iridodialysis  may  also  be  caused  by  tumors  of  the  ciliary 
body  pushing  the  iris  away  from  its  insertion. 

Treatment.  Treatment  of  the  above-described  injuries  to  the  iris 
(except  penetrating  wounds  of  the  eye)  depends  largely  upon  the 
extent  of  the  bleeding  (hyphsemia)  within  the  eye.  If  trivial,  the 
injured  eye  may  be  bandaged  for  a few  days  and  the  patient  kept 
in  bed  to  ensure  absolute  quiet,  so  that  further  bleeding  does  not 
take  place  and  the  deleterious  effect  of  the  contusion  may  not  be 
assisted  by  further  detachment  of  the  retina  occasioned  by  ordinary 
movements  of  the  body.  If  the  hyphsemia  be  excessive,  causing 
tension  and  pain,  paracen- 
tesis of  the  anterior  cham- 
ber may  be  necessary. 

Hot  compresses  applied  at 
intervals,  as  in  the  case 
of  iritis,  assist  in  absorp- 
tion of  the  exuded  blood. 

If  an  iridodialysis  can  be 
made  out,  atropine  should 
be  instilled,  so  that  the 
contracting  sphincter  does 
not  draw  the  iris  farther 
away  from  its  attachment. 

It  is  contraindicated  in 
radiating  lacerations,  as  a 
mydriatic  would  make  the 
wound  gape  more.  Iritis 
does  not  usually  follow 
non-penetrating  injuries. 

The  internal  administration 
of  alkaline  purges  and  one 
or  two  pilocarpine  (0.005  to 
0.01  gm.)  sweats  during  the 
first  forty-eight  hours  seem 
materially  to  assist  resorp- 
tion of  blood  in  the  severe 
cases;  iodide  of  potassium 
may  be  given  later. 

Operations  upon  the  Iris. 

Formerly  a number  of  ope- 
rations were  done  upon  tin 
iris,  but  in  modern  practice 
only  three  forms  are  reacted  to:  1.  The  removal  of  a segment  of  the 
iris  for  enlargement  of  the  pupil.  2.  Removal  of  a section  of  the  ii is 
and  iritic  membrane  where  the  pupil  has  been  closed  by  inflammation. 
3.  Incision  into  the  iris  or  iritic  membrane,  in  order  to  make  a perma- 
nent opening  or  pupil.  These  operat  ons  involve  incisions  in  the  cornea, 


Position  of  operator’s  hands  in  first  stage  of 
iridectomy.  (Czkrmak.) 
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Fig.  180. 


Fig.  182. 


De  Wecker’s  iridotomy  scissors  (front). 
Fig.  183. 


De  Wecker’s  iridotomy  scissors  (side). 


Instruments  used  in  operations  on  the  iris  (slightly  reduced).  Other  instruments  required  are 
a spring  speculum  or  Desmarres’  retractor,  to  keep  the  lids  apart,  and  a fixation  f(  rceps  10  hold 
the  eyeball. 


and  penetrating  wounds  of  the  eyeball,  which,  if  aseptic,  heal  without 
inflammation;  but  if  septic  are  attended  by  all  the  dangers  of  septic 
penetrating  wounds  of  the  eye.  As  sepsis  occurs  in  the  hands  of 
careful  operators  in  but  0.5  per  cent,  of  cases  involving  opening  the 
eyeball,  the  danger  is  comparatively  small. 

Operations  for  Enlargement  of  the  Pupil.  Iridectomy  is  the  removal 
of  a segment  of  the  iris  for  the  purpose  of  enlarging  the  pupil.  The 
method  of  performing  the  operation  is  as  follows  : The  patient’s 
head,  face,  and  eyes  are  prepared  lor  the  operation  as  if  for  cataract 
extraction.  In  eyes  with  considerable  tension,  particularly  in 
inflammatory  g’aucoma,  general  anaesthesia  is  advisable,  as  local 
anaesthetics  in  these  cases  are  not  sufficiently  penetrating  to  affect 
the  iris;  in  other  cases  local  anaesthesia  is  obtained  by  1 per  cent, 
holocaine  solution  or  10  per  cent,  cocaine  solution,  dropped  several 
times  upon  the  cornea.  The  instruments  necessary  are  a speculum 
or  Desmarres’  retractor,  to  keep  the  eyelids  apart,  a fixation  forceps 
to  hold  the  eye,  and  other  special  instruments  mentioned  in  the 
following  description  of  the  operation.  (Figs.  171-183.) 
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At  least  one  skilled  assistant  is  needed.  The  patient  being  pre- 
pared, the  operator  steadies  the  eye  by  seizing  the  conjunctiva  and 
episcleral  tissue  with  fixation  forceps,  either  above  and  behind  the 
limbus  and  the  proposed  incision,  or  at  the  inferior  circumference 
below  the  limbus.  The  incision  may  be  made  either  by  the  Graefe 
lance  knife  or  by  the  keratome.  (Figs.  184  and  185.)  If  with  the 
former,  in  the  same  manner  as  for  cataract  extraction,  except  that 
the  cut  should  be  made  as  near  to  the  plane  of  the  iris  as  possible, 
and,  hence,  mostly  in  scleral  tissue.  If  with  the  keratome,  the 
knife  is  entered  perpendicularly  until  the  point  is  in  the  anterior 
chamber;  then  the  handle  is  depressed  until  the  blade  lies  parallel 
with  the  plane  of  the  iris,  when  it  is  pushed  forward  until  the  wound 
is  of  the  desired  length,  and  withdrawn  slowly,  being  sawed  from 


Fig.  184. 


Fig.  185. 


Fig.  184.  Method  of  holding  the  straight  Grae  e knife  for  upward  incision.  (Czermak.) 

Fig  185.  Method  of  holding  the  bent  1’ ei  ,*tuii3';  for  incision  of  the  upper  corneal  margin. 
(Czermak.) 

side  to  side,  so  that  the  ends  of  the  linear  incision  on  the  inner 
surface  of  the  cornea  are  ^ude  slightly  larger,  and  so  that  the  aqueous 
carries  out  slowly,  inuring  withdrawal  the  instrument  is  pressed 
against  the  posterior  surface  of  the  cornea,  so  as  not  to  injure  the 
iris  or  lens,  which  push  forward  as  the  aqueous  flows  off.  After  com- 
pleting the  incision,  the  closed  branches  of  the  iris  forceps  are  intro- 
duced into  the  anterior  chamber  and  pushed  onto  the  border  of 
the  pupil ; the  branches  are  allowed  to  separate,  and  the  fold  of  the 
iris  is  g.^ped  gently,  pressure  and  traction  being  made,  which  draw 
the  iris  out  of  the  wound.  At  the  moment  when  it  is  stretched,  it 
is  eiH  off  close  to  the  wound  with  the  curved  scissors  or  with  the 
scissors  forceps,  either  by  one  cut  from  above  or  incisions  made  to 
either  side.  The  iris  may  be  withdrawn  by  the  iris  hook,  if  but  a 
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small  section  is  desired,  the  forceps  being  generally  better  in  glau- 
coma operations,  and  the  iris  hook  in  cataract  or  optical  iridectomy. 
The  ends  of  the  wound  are  freed  from  the  iris,  and  the  spatula 
being  introduced  into  the  wound  puts  back  into  the  anterior  chamber 
any  iris  tissue  and  clears  away  the  blood  and  debris.  At  the  com- 
pletion of  the  operation  the  pupil  and  the  coloboma  have  the  shape 
of  a keyhole. 

The  eye  operated  upon,  and  usually  its  fellow  should  be  lightly 
bandaged,  the  dressings  being  a semilunar  piece  of  adhesive  plaster 
on  the  upper  eyelid,  to  act  as  a splint,  sterilized  vaseline  to  lashes 
to  prevent  them  from  gumming  together,  small  patch  of  lintine  or 
cheese-cloth  to  protect  the  eye  from  the  dry  absorbent  cotton,  which 
is  placed  over  the  eye  and  orbit,  and  over  all  a wire  mask  made  to 
fit  the  face,  or  a light  roller-bandage.  The  first  dressing  need  not 
be  made  for  forty-eight  hours,  when  the  eyelids  are  washed  with 
boric  acid  solution  and  a light  roller-bandage  applied  to  the  eye 
that  has  been  operated  upon,  the  other  being  protected  by  a reading 


Fig.  186. 


Iridectomy,  a.  Peripheral  iucision,  as  in  glaucoma,  b.  Wide  iridectomy,  c.  Narr  jw  01  optical 

iridectomy.  (Czermak.) 


shade.  Atropine  solution  is  usually  dropped  in  at  this  and  the  sub- 
sequent two  or  three  dressings,  which  are  made  at  1 wenty-four-hour 
intervals,  to  dilate  the  pupil  against  the  possible  occurrence  of  trau- 
matic iritis.  (As  there  is  excellent  filtration  imd  hypertension  is  not 
possible  for  a week  or  more  after  the  corneal  incision,  or  until  the 
wound  has  fully  healed,  atropine  is  not  contraindicated,  even  after 
glaucoma  operations.)  Dark  glasses  should  be  worn  for  several 
weeks,  and  at  the  third  or  fourth  dressing  absorbent  cotton  may 
be  placed  over  the  eye  operated  upon,  and  the  dark  glasses  placed 
over  this.  Incision  for  glaucoma  is  made  in  scleral  tissue  as  close  to 
the  root  of  the  iris  as  possible;  it  should  embrace  at  least  one-fifth 
of  the  limbus.  Incision  fi  r optical  iridectomy  usually  is  made  in 
corneal  tissue.  The  section  for  glaucoma  and  cataract  extraction 
usually  is  made  upward;  that  for  optical  purposes  downward  and 
inward,  or  in  the  legion  of  least  opacity.  (Plate  XIII.,  Figs.  5 6,  7.) 

Indications  Jot  Iridectomy.  1.  The  most  important  indication 
for  iridectoi  «y  is  increase  of  tension  in  primary  glaucoma  and  in  sec- 


368 


THE  EYE. 


ondary  glaucoma  resulting  from  exclusio  pupillse,  ectasia  of  the  cornea, 
or  sclerochoroiditis  or  iridochoroiditis.  The  earlier  the  operation  is 
performed,  the  better  the  success.  Yet  in  some  cases,  in  order  to 
relieve  pain  and  further  degeneration,  in  ectasis  of  the  eyeball  in 
which  perception  of  light  has  been  abolished,  the  operation  may  be 
done.  In  iridectomy  made  after  increase  of  tension  the  section 
should  be  made  long,  situated  as  far  back  as  possible  in  the  sclera, 
and  the  coloboma  should  be  broad,  and  extend  to  the  ciliary  margin 
of  the  iris,  for  the  reason  that  the  results  of  iridectomy  for  the  reduc- 
tion of  tension  are  achieved  through  the  establishment  of  filtration 
through  the  scar  tissue  as  well  as  by  the  removal  of  a portion  of  the 
actual  contents  of  the  eye  in  the  portion  of  iris  that  is  excised.  The 
coloboma  is  made  upward,  so  as  to  be  covered  partially  by  the  tapper 
lid,  and  the  confusion  due  to  dazzling  thus  lessened. 

2.  Operation  on  account  of  optical  obstructions.  The  formation  of 
an  artificial  pupil  by  iridectomy  may  be  done  in  cases  where  opacities 
of  the  refractive  media  occupy  the  area  of  the  pupil ; among  these  are 
opacities  of  the  cornea,  membrane  in  the  pupil,  opacities  of  the  lens 
that  are  non-progressive,  in  shrunken  cataracts,  which  do  not  extend 
far  toward  the  periphery,  and  in  subluxation  of  the  lens,  where 
the  pupil  may  be  made  in  front  of  the  part  that  contains  no  lens. 
To  obtain  results,  the  following  conditions  must  be  prese  t:  (a) 
the  retina  and  optic  nerve  should  be  capable  of  functionating; 
(6)  the  opacity  should  be  stationary;  (c)  the  opacity  should  be  so 
dense  that  it  prevents  the  formation  of  distinct  images  upon  the 
retina.  These  conditions  are  to  be  ascertained  by  proper  obser- 
vation and  examination.  Contraindications  to  iridectomy  for  optical 
purposes  are:  (a')  total  absence  of  perception  of  light;  ( b' ) stra- 
bismus of  the  eye  affected  by  the  opac:ty  when  the  eye  is  not 
put  in  alignment;  (c')  flattening  of  the  cornea,  which  is  an  evi- 
dence of  iridocyclitis  and  membrane  us  exudates  upon  the  iris; 
(dr)  incarceration  of  the  iris  in  a cicatrix,  where  the  iris  is  primarily 
attached  to  the  posterior  surface  of  the  cornea.  Iridectomy  for 
optical  coloboma  is  made  preferably  downward  and  inward,  if 
the  media  are  everywhere  equally  transparent,  as  in  the  case  of 
central  cicatr  x of  the  "ornta,  pupillary  membrane,  or  perinuclear 
cataract,  as  the  visual  axis  cuts  the  cornea  a little  to  the  inner  side 
of  the  apex.  In  other  cases  the  coloboma  should  be  made  at  the 
place  where  the  media  are  most  transparent.  Where  only  the  most 
exterior  marginal  portion  of  the  cornea  remains  transparent,  the 
iridectomy  may  be  made  quite  peripheral,  involving  the  root  of  the 
iris;  but,  as  a rule,  it  is  made  as  narrow  as  possible,  and  only  the 
sphincterial  area  of  the  iris  is  excised.  (Plate  XIII.,  Fig.  7.) 

3.  Tn  cctatic  cicatrix  of  the  cornea,  iridectomy  is  made  to  cause 
flattening. 

4.  In  recurrent  iritis,  iridectomy  made  during  an  interval  in  which 
trere  is  no  inflammation  sometimes  prevents  recurrences. 

5.  In  fistula  of  the  cornea,  in  cases  where  some  trace  of  the  anterior 
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chamber  has  been  restored,  iridectomy  allows  of  the  formation  of 
a firm  cicatrix  by  temporarily  reducing  the  tension. 

6.  In  the  case  of  foreign  bodies  and  small  tumors  of  the  iris,  which 
sometimes  can  only  be  removed  by  removing  the  part  of  the  iris  in 
which  they  occur. 

7.  Iridectomy  is  done  by  some  operators  under  nearly  all  circum- 
stances in  operating  for  cataract  as  they  do  the  “ combined”  opera- 
tion; in  other  cases,  where  delivery  of  the  lens  is  impossible  or  diffi- 
cult, on  account  of  rigidity  of  the  sphincter  or  a very  large  nucleus, 
it  is  necessary  to  excise  a portion  of  the  iris.  In  these  cases  only  a 
small  sector  should  be  removed,  and  this  should  involve  only  the 
sphincterial  area.  These  operations  are  made  upward,  as  prelim- 
inary to  the  operation  for  cataract.  Many  operators  perform  pre- 
liminary iridectomy  two  or  three  weeks  before  removal  of  uncom- 
plicated cataracts.  Iridectomy  should  always  be  done  in  dealing 
with  cataracts  complicated  with  synechia,  increase  of  tension,  etc. 

8.  After  excising  the  iris,  the  opacity  has  been  found  to  mature 
more  rapidly,  especially  if  the  lens  fibres  be  massaged  through  the 
cornea. 

Operations  for  Occlusion  of  the  Pupil.  1.  Removal  of  a Portion 
of  the  Iris  and  Iritic  Membrane.  Iritoectomy.  (Fig.  187.)  Oc- 
cluded pupils  may  be  opened  after  the  method  of  de  Wecker  by  an 
incision  through  the  cornea,  after  which  the  forceps  scissors  are  passed 
into  the  wound,  one  blade  being  forced  through  the  iris  tissue  and 
the  other  remaining  in  the  anterior  chamber;  a snip  is  then  mad* 
and  repeated  twice,  so  that  a triangular  section  of  the  iris  is  cat 
out  and  removed  wTith  the  forceps  or  iris  hook. 


Fig.  187.  Fig.  188 


Fig.  187.— Iritoectomy.  a-b.  Corneal  incision,  a-d,  b-d.  Iris  incisions,  (de  Wecker.) 

Fig.  188.— Iridodialysis.  a-b.  Corneal  incision,  f-e.f-h,  ’-<7.  Iris  incisions,  (de  Wecker.) 

Iridodialysis  (Fig.  188)  as  an  operative  procedure  is  done  by  a 
horizontal  incision  through  the  cornea  with  the  Graefe  knife  or  the 
keratome.  The  iris  being  divided  horizontally  at  the  same  time, 
the  forceps  scissors  are  then  introduced,  cutting  the  iris  on  either 
side  of  the  wound  to  the  sclei oeorneal  margin;  the  flap  thus  cut  is 
then  torn  out  by  grasping  it  with  the  iris  forceps  or  sharp  hook. 
This  is  a more  dangero  is  operation  than  the  preceding. 

2.  Incision  of  the  Iris  and  Iritic  Membrane.  Iridotomy  consists 
in  simply  dividing  the  iris  without  excising  a piece.  The  incision 
into  the  iris  is  adapted  only  for  those  cases  in  which  no  lens  is 
present;  for  instance,  as  an  after-operation  for  cataract  cases  in  which 
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the  pupil  has  become  closed  by  subsequent  iridocyclitis.  The  opera- 
tion is  done  by  passing  the  Graefe  knife  perpendicularly  through 
the  cornea,  rotating  it  90  degrees,  making  a horizontal  incision 
through  the  iris.  (Fig.  189.)  The  edges  of  the  opening  retract,  leav- 
ing the  new  pupil  more  or  less  circular. 


Fig.  189. 


Iridotomy.  a.  Corneal  incision,  c.  Iris  incision.  (nE  Wecker.) 


3.  Staphylotomy  for  opening  a closed  pupil,  caused  by  incarcera- 
tion of  the  iris  in  a corneal  cicatrix,  is  done  by  a sweep  of  the  Graefe 
knife  through  the  anterior  chamber.  (Fig.  190.) 

Sphincterolysis  anterior  (Fig.  191)  is  done  by  transfixing  the 
ectasia  by  one  Graefe  knife,  another  being  passed  into  the  eye  and  swept 
around,  dividing  the  iris,  and  producing  a more  or  less  irregular  pupil 


Fig.  190. 


Staphylotomy.  (Abadie.) 


Fig.  191. 


Sphincterolysis  anterior.  (Schulek.) 


Formerly  other  operations  were  practised,  such  as  iridesis  which 
consisted  in  moving  the  pupil  to  one  side  by  allowing  the  iris  to 
become  incarcerated  ia  a corneal  incision,  and  corelysis  or  division 
of  posterior  synechise;  but,  as  their  results  are  dangerous,  or  the 
operations  are  unnecessary,  they  have  fallen  into  disrepute.  As 
operations  done  tor  opening  occluded  pupils  are,  as  a rule,  made 
through  pathological  products  or  diseased  irides,  their  results  are 
often  on]\  temporary,  the  artificial  openings  closing  later  from 
recurrence  of  inflammation.  Operative  procedures  may  have  to  be 
repeated,  and  often  are  made  in  vain. 

The  after-treatment  of  the  foregoing  operations  is  similar  to  that 
following  iridectomy. 


PLATE  XIV. 


E F 

Anomalies  of  the  Choroid. 


A.  The  Albiiiotic  Fundus  ; (Type  I. .“see  Plate  XII.,  E). 

B.  The  Tessellated  Fundus  ; (Type  II.,  see  Plate  XII.,  F). 

C.  The  Negroid  Fundus;  (Type  III.,  see  Plate  XII.,  G). 

D.  The  Yellow  Fundus ; (Fundus  Flavus,  Oeller). 

E.  Sarcoma  Choroidese;  V=-6/aX  ; (Hemianopic  Field,  see  Fig.  197). 

F.  Coloboma  Choroideae  Centralis  ; (Oeller)  (Central  Scotoma). 
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DISEASES  OF  THE  CHOROID.  CONGENITAL  ANOMALIES. 

Variations  in  the  Color  of  the  Fundus.  Aside  from  the  three 
types  of  fundus  due  to  variations  in  the  pigment  cells,  there  may  be 
congenital  absence  of  pigment  in  albinism.  Such  a fundus  is  shown 
in  Plate  XIV.,  A.  On  account  of  the  lessened  contrast  between  the 
optic  nerve  and  other  parts  of  the  fundus,  the  nerve  head  appears 
of  a dark  reddish-gray  color;  not  only  the  retinal,  but  all  the  large 
vessels  of  the  choroid  are  readily  seen.  Such  persons  have  yellowish- 
white  flaxen  hair,  white  eyebrows  and  lashes,  and  their  eyes  are 
photophobic,  visual  acuity  is  reduced,  and  nystagmus  is  constantly 
present,  and,  as  a rule,  there  are  strabismus  and  myopia.  Such  a case 
affords  a decided  contrast  from  that  of  the  negroid  type.  (Plate 
XIV.,  C.) 

Treatment.  Correction  of  the  refraction  and  the  use  of  shaded 
glasses,  to  protect  the  eye  from  brilliant  light.  Even  with  such 
assistance,  such  patients  are  usually  unable  to  pursue  ordinary 
vocations. 

According  to  the  disposition  of  the  choroidal  pigment,  the  fundus 
takes  on  more  or  less  color,  as  in  the  several  distinct  types  noted  in 
Plate  XIV.,  A,  B,  C,  D.  The  result  of  inflammations  is  frequently 
an  increase  in  and  deposit  of  the  choroidal  pigment  in  spots,  and 
from  this,  great  changes  in  the  appearance  of  the  eyes  are  ob- 
served. 

Coloboma  of  the  Choroid.  This  anomaly  (Plate  XV.,  F)  is  due  to 
a circumscribed  defect  in  the  choroid  resulting  from  failure  of  closirg 
of  the  foetal  cleft,  usually  in  the  retina,  generally  situated  below  the 
optic  disk.  If  unaccompanied  by  coloboma  of  the  ciliary  body  and 
of  the  iris,  it  may  be  of  an  oval  shape;  if  with  that  of  the  ciliary 
region  and  of  the  iris,  it  is  that  of  a triangle  with  the  apex  directed 
toward  the  papilla.  Such  eyes  have  a large  sectorial  defect  in  the 
visual  field  in  the  upper  portion,  and  the  centra1  visual  acuity  is 
usually  less  than  normal.  (Fig.  193.)  Colobomr  of  the  choroid  is 
associated  usually  with  other  anomalies  of  development,  commonly 
with  microphthalmos  and  coloboma  of  the  iris.  Nearly  all  such  eyes 
are  hyperopic. 

A somewhat  rare  form  of  colobom°  is  a defect  in  the  choroid  at 
the  region  of  the  macula  lutea  (Plate  XIV.,  F),  and  with  this  there 
is  generally  defect  of  the  retina  at  +his  point,  and  consequent  central 
scotoma.  All  such  cases  that  I have  seen  have  been  associated 
with  optic  nerve  atrophy  and  evidence  of  prenatal  choroiditis.  In 
both  forms  of  colobomata  ^he  edges  are  sharply  defined  and  com- 
monly bordered  by  pigm°r  t.  The  bloodvessels  pursue  a very  irregu- 
lar course,  the  retinal  vessels  usually  avoiding  the  coloboma  in 
running  along  its  edges. 

Treatment.  There  is,  of  course,  no  treatment  for  these  defects, 
but  errors  of  refT  action  may  be  neutralized  to  advantage. 
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Inflammatory  Diseases.  Hypercemia  of  the  choroid  is  not  in  itself 
recognizable  as  a lesion  or  a symptom;  as  it  is  the  first  stage  of 
inflammation,  it  undoubtedly  is  an  accompaniment  of  most  choroidal 
affections. 

Choroiditis  may  be  exudative  or  suppurative. 

Choroiditis  Exudativa.  Acute  exudative  choroiditis  is  charac- 
terized by  isolated  foci  of  inflammation  scattered  over  the  fundus, 
appearing  upon  ophthalmoscopic  examination  as  indistinctly  out- 
lined yellowish  spots  lying  beneath  the  retinal  vessels  in  the  red 
fundus.  (Plate  XV.,  A.)  These  are  clue  to  infiltration  of  the  cho- 
roidal substance  with  exudation,  hiding  the  choroidal  vessels;  the 
overlying  retina  usually  is  involved,  and,  being  clouded,  covers  the 
choroidal  mass  with  a faint  grayish  veil.  Isolated  hemorrhages  may 
appear  in  the  choroidal  stroma  or  under  the  retina.  The  exudates 
may  pass  not  only  into  the  retina,  but  also  into  the  vitreous;  thus 
opacities  of  the  vitreous  are  almost  always  constant  accompaniments 
of  choroiditis,  and  the  disease  is  really  a compound  affection. 

Deposits  upon  the  posterior  surface  (descemitis)  of  the  cornea  in 
a large  number  of  cases  of  apparently  simple  exudative  choroiditis 
show  that  the  disease  is  a true  uveitis,  and  is  not  limited  to  the 
choroid  proper. 

Symptoms.  Subjectively,  the  patient  complains  of  loss  ol  visual 
acuity  and  of  floating  spots,  which  are  due  to  complete  or  partial 
scotomata  from  implication  of  the  retina  and  vitreous,  and  of  flashes 
of  light,  and  photophobia,  due  to  irritation  of  the  retina.  As  there 
are  no  sensory  nerves  in  the  choroid,  there  is  no  pain  in  uncompli- 
cated cases. 

The  limitation  of  vision  both  as  regards  visual  acuity  and  the 
visual  field  is  not  a prominent  symptom;  indeed,  severe  inflamma- 
tion may  be  present  without  these  visual  factors  being  appreciably 
affected,  until  the  chronic  stage  or  that  of  atrophy,  where  degenera- 
tive spots  and  increase  of  pigment  appears,  and  the  retina  and  optic 
nerve  become  involved;  then  the  * visual  acuity  and  field  suffer 
(Fig.  194.) 

Course.  While  the  course  of  choroiditis  is  essentially  chronic,  it 
may  be  subdivided  int  > an  acute  stage,  marked  by  inflammation  and 
exudation,  which  last  for  several  weeks  or  months,  and  the  chronic 
stage,  or  that  of  atrophy,  which  lasts  for  months  or  years. 

The  chronic  st  age,  or  that  of  atrophy,  presents  a radically  different 
picture:  As  the  exudates  become  resorbed,  the  spots  become  more 
prominent  and  lighter  in  color,  and  gradually  a white  spot  is  formed 
as  the  choroidal  stroma  atrophies,  which  is  due  to  the  white  sclera 
showing  through.  In  some  cases  the  remains  of  the  vessels  and  the 
pigment  may  be  recognized  in  the  white  cicatrix.  The  pigment 
generally  proliferates  around  the  edges  of  these  scars,  so  that  the 
choroiditic  plaques  appear  lined  with  black,  or  covered  with  black 
spots.  (Plate  XV.,  B.)  The  visual  acuity  and  the  field  suffer 
greatly. 


PLATE  XVI. 


A 


NORMAL  OPTIC  NERVE  ENTRANCE.  POSTERIOR  CHORIOIDAL  STa‘HvLOMA 

WITH  SICKLE-SHAPED  CONUS. 

A.  Ophthalmoscopic  view. 

B.  Diagrammatic  section.  C.  Ophthalmoscopic  view. 

D.  Diagrammatic  section,  how  ng  retraction  of 
the  chorioid. 


RING  CONUS.  LARGE  SEMILUNAR  CONUS 

The  Optic  Nerve  Entrance  in  its  Relation  to  the  Choroid. 
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Etiology.  Exudative  choroiditis  is  a frequent  disease,  and  is  seen 
at  all  ages.  Its  causes  are  local  irritations  and  disturbances  of  the 
nutrition  of  the  eye,  due  to  eyestrain,  errors  of  refraction,  irritation 
due  to  exposure  to  bright  light,  and  to  general  disturbances  of  nutri- 
tion, such  as  anaemia  and  chlorosis.  Thus  it  is  accompanied  by 
general  diseases,  particularly  syphilis  and  scrofula. 

Myopia  of  high  degree  is  accompanied  also  by  changes  in  the 
choroid  less  of  inflammatory  character  than  of  atrophic;  these  are 
caused  by  stretching  and  tearing  of  the  choroid  at  the  optic  nerve 
entrance.  (Plate  XVI.) 

In  moderate  degrees  of  myopia,  from  — 5 D.  to  — 6 D.,  as  a rule, 
only  one  side  of  the  optic  nerve  entrance  is  affected,  forming  a conus 
(Plate  XVI.,  F);  in  severe  degrees  the  posterior  section  of  the  eye- 
ball bulging  backward,  the  choroid  retracting  considerably  with  the 
sclera,  forms  not  only  conus,  but  also  posterior  staphyloma.  (Plate 
XVI.,  C,  D,  E,  and  Plate  XV.,  E.)  Such  cases  are  accompanied  by 
localized  choroiditis  at  the  edges  of  the  coloboma,  with  increase  in 
the  choroidal  pigment  ring;  changes  likewise  occur  at  the  macula, 
and  the  pigment  granules  of  the  retina  are  more  or  less  absorbed, 
allowing  the  intravascular  pigment  of  the  choroidal  stroma  to  show. 
An  eye  affected  by  choroiditis  of  any  degree  of  severity  always  loses 
more  or  less  of  its  function,  as  may  be  determined  by  careful  exami- 
nation of  the  visual  acuity  and  of  the  field. 

Treatment.  The  treatment  of  choroiditis  is  that  of  its  cause. 
Eyestrain  should  be  relieved  by  proper  lenses  and  unhygienic  habits 
corrected;  particularly  is  this  the  case  in  myopia,  where  full  correc- 
tion of  the  error  should  be  given  for  distance,  and  the  ciliary 
muscle  favored  by  weaker  lenses  for  the  near.  In  most  casec  the 
glare  of  light  should  be  mitigated  by  the  wearing  of  smoked  glasses. 
In  acute  cases  atropine  solution  of  sufficient  strength  and  often 
enough  to  suspend  accommodation  should  be  instilled  into  the  eye. 
Hot  compresses  favor  resorption  of  exudates,  and  m ty  be  used  three 
or  four  times  a day  for  half  an  hour  at  a time.  Injection  of  salt 
solution  under  the  conjunctiva  is  used  for  the  same  reason.  In  acute 
choroiditis,  extraction  of  blood  by  the  natural  or  artificial  leech, 
applied  on  the  mastoid  process  over  the  °mi  ssary  vein  of  Santorini, 
which  comes  from  the  cavernous  sinus,  into  which  the  ophthalmic 
veins  pour  their  contents,  is  useful.  In  the  chronic  stage,  massage 
of  the  eye  with  the  finger-tips  once  o*  twice  a day  for  five  minutes 
at  a time  stimulates  metabolism.  The  general  treatment  should  be 
directed  against  the  exciting  cause;  disturbance  of  nutrition  from 
anaemia  should  be  met  by  exhibition  of  iron  and  arsenic,  proper  diet, 
and  regimen.  When  the  disease  is  accompanied  by  the  rheumatic 
or  uric  acid  diathesis,  aci ministration  of  sodium  salicylate  (0.50  to 
0.1  gm.  three  times  daily),  or  oil  of  wintergreen  (0.30  to  0.50  c-.c.)  is 
indicated.  Cystogeu  cr  urotropin  (0.30  gm.  three  times  daily)  rapidly 
relieves  the  system  of  uric  acid.  When  the  patient  is  scrofulous, 
alteratives  tonics — i.  e .,  mercury,  gold,  arsenic,  and  iodide  of  iron 
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with  cod-liver  oil — should  be  exhibited.  If  the  local  lesion  be  a 
symptom  of  syphilis  in  the  acute  stage,  mercurial  inunctions  will 
often  produce  a quick  effect;  the  salts  of  mercury,  gold,  and  arsenic 
seem  to  be  specifics  for  this  affection;  iodide  of  potassium  is  par- 
ticularly serviceable  in  resorbing  exudates  in  the  retina  and  vitreous. 
Diaphoresis  by  vapor  baths  and  pilocarpine  are  of  use  when  properly 
carried  out. 


Fig.  192. 


Fig.  193. 


Fig.  192. — Central  absolute  and  relative  scotoma  due  to  hemorrhage  in  syphilitic  chorioretinitis 
(Plate  XIV.,  E);  also  typical  of  choroiditis  centralis  senilis  (Pla’e  XI'r . C).  (Visus  = objects  in 
periphery  of  field ; no  central  vision.) 

Fig.  193. — Sectoral  contraction  due  to  choroidal  coloboma,  and  er’aijea  blind  spot  from  posterior 
staphyloma.  (Visus  — 6/xxiv.) 


^ic.  194.— Paracentral  and  pericentral  scotomata  in  choroiditis  disseminata  chronica  (Plate 
XIV.,  B).  (Visus  = 6/lx.) 

F.g.  195.— Absolute  and  relative  ring  scotomata  in  chorioretinitis  diffusa  syphilitica.  (Plate  XIV., 
D).  (Visus  = 6/lx.) 


Fig.  195. 


DISEASES  OF  THE  CHOROID. 


375 


Fig.  196.  Fig.  197. 


Fig.  196.— Great  contraction  in  chorioretinitis  pigmentosa.  (Visus  = 6/xn.) 

Fig.  197.— Sectoral  contraction  simulating  vertical  hemianopia  in  sarcoma  of  choroid  in  first 
stage.  (Visus  = 6/xxxvi.) 


Varieties  of  Exudative  Choroiditis.  Aside  from  the  distinction  of 
recent  and  old  choroiditis,  certain  well-defined  forms  are  to  be  dif- 
ferentiated : 

1.  Choroiditis  centralis  is  characterized  by  changes  occurring  in 
the  region  of  the  macula  lutea,  causing  disturbance  of  central 
vision  from  central  scotoma,  with  resultant  diminished  visual  acuity 
(Fig.  192.)  The  most  common  form  is  that  occurring  in  old  people, 
affecting  both  eyes  about  equally,  and  is  referable  to  senile  ’.hai  gts 
due  to  sclerosis  of  the  central  vessels.  In  young  people  sclerosis  of 
the  vessels  is  not  seen.  In  some  cases  there  is  considerable  deposit 
of  pigment  as  well  as  atrophy  of  the  choroid.  (Plate  Xvr.,.  C.) 

2.  Choroiditis  Areolaris.  The  first  foci  develops  in  che  vicinity  of 
the  fovea,  while  subsequent  ones  make  their  appea  ranee  at  con- 
stantly increasing  distances  from  the  latter.  TL j most  recent  spots 
are  entirely  black,  and  afterward  slowly  enlarge,  at  the  same  time 
becoming  decolorized  in  the  centre,  at  last  becoming  almost  entirely 
white.  One  or  two  isolated  spots  may  be  seen  in  other  portions 
of  the  fundus.  This  is  perhaps  a variety  of  the  disseminated  form. 
Myopia  of  high  degree  is  accompanied  usually  by  changes  in  the 
fovea.  The  acute  form  of  macula^  choroiditis  is  found  most  often 
in  syphilis;  this  subsequently  degenerates  into  atrophy,  with  increase 
of  pigment  deposit.  Injure?,  such  as  contusions,  entry  of  fore  gn 
body  into  the  vitreous,  burning  of  the  macula  from  direct  exposure 
to  the  sun’s  rays,  as  ir.  observing  an  eclipse  and  electric  light  flashes, 
are  liable  to  deve’op  macular  disease.  The  macular  region  of  the 
retina  and  of  the  chi  roid  is  a vulnerable  spot,  and  is  affected  readily 
by  local  or  general  diseases.  Injury  to  it  has  a most  deleterious 
effect  upon  de  visual  act,  causing  central  scotoma  and  great  loss 
of  visual  acuity.  (Figs.  192,  194,  and  195.) 


376 


THE  EYE . 


3.  Choroiditis  disseminata  is  characterized  by  numerous  round  or 
irregular  spots  scattered  over  the  fundus,  composed  of  isolated  in- 
flammatory foci  which  at  first  look  whitish,  being  accompanied  by 
disease  of  the  overlying  retina.  (Plate  XV.,  A.)  Some  of  these 
spots  progress  to  atrophy,  with  increase  of  the  retinal  and  choroidal 
pigment,  while  fresh  ones  appear,  so  that  ultimately  the  eyeground 
appears  studded  over  with  the  plaques,  and  in  old  cases  a large 
portion  of  the  fundus  looks  whitish.  In  the  beginning  the  optic  nerve 
and  retina  usually  are  involved  in  the  hyperaemia,  and  the  nerve 
looks  reddish ; ultimately  atrophy  of  both  the  nerve  and  retina  takes 
place.  (Plate  XV.,  B.)  When  many  of  the  spots  become  confluent, 
the  whole  background  of  the  eye  may  appear  mottled  and  present 
a peculiar  picture,  resembling  choroiditis  diffusa.  In  the  acute 
stage  the  visual  acuity  and  the  visual  field  suffer  but  little,  so  that 
nearly  normal  vision  exists,  the  patient  complaining  mostly  of 
dazzling  and  flashing  of  light,  and  asthenopia.  As  this  is  an  essen- 
tially chronic  disease,  it  ultimately  progresses  to  amblyopia.  From 
the  changes  taking  place  in  the  retina  and  optic  nerve,  there  are 
usually  scotoma  and  contractions  of  the  visual  field,  with  reduction 
of  the  visual  acuity.  (Fig.  194.) 

4.  Choroiditis  anterior  is  characterized  by  exudation  at  the  pe- 
riphery of  the  choroid,  the  fundus  being  here  studded  with  roundish 
ink-black  opacities.  It  is  found  in  myopes  of  high  degree  and  some- 
times as  an  accompaniment  of  syphilis.  In  old  people  pigmentary 
changes  are  frequently  found  in  the  anterior  portion  of  the  choroid. 
It  is  sometimes  a complication  of  retinitis  pigmentosa. 

5.  Choroiditis  Diffusa.  In  recent  cases  the  ictina  and  vitreous 
appear  cloudy,  and  circumscribed  exudates  are  present  in  the  retina 
and  choroid,  occupying  mainly  the  region  of  the  macula.  Later  on, 
these  appear  as  dirty  light-gray  irregular  patches,  and  in  the  last 
stages  the  general  cloudiness  of  the  media  disappears,  being  replaced 
by  atrophy  in  the  retina  and  choroid,  into  which  migration  of  pig- 
ment takes  place.  (Plate  XV.,  V This  is  a disease  characteristic 
of  syphilis,  and  has  been  described  under  the  name  of  choroiditis 
syphilitica.  The  visual  acuity  and  field  suffer  greatly,  color  vision 
particularly  being  affected.  (Fig.  195.) 

6.  Tubercular  deposit:  rarely  occur  in  the  choroid;  they  present  the 
picture  of  yellowish-^hite  plaques,  over  which  the  retina  appears 
grayish  and  infiltrated.  (Plate  XVII.,  A.)  These  ultimately  degen- 
erate into  atrophy,  pursuing  much  the  same  course  as  the  dissem- 
inated form. 

7.  Change s in  the  choroid  in  myopia  consist  (a)  in  retraction  of 
the  choroid  and  atrophy  at  the  border  of  the  optic  disk.  This  first 
appears  as  a crescentic  patch  at  the  outer  border  of  the  papilla, 
being  caused  by  the  head  of  the  nerve  being  pulled  toward  the  temporal 
side.  Later  on,  the  scleral  canal  enclosing  the  nerve  is  so  pulled 
and  gets  such  a slant  that  upon  ophthalmoscopic  examination  it 
comes  into  view  through  the  transparent  tissue  of  the  papilla,  ap- 
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pearing  as  a white  crescent  close  to  the  temporal  border  (Plate  XV., 
E,  and  Plate  XVI.,  F) ; this  is  called  conus.  At  this  time  a reflex 
may  be  seen  in  some  cases  at  several  disk  diameters  temporally  from 
the  nerve  head,  which  is  a characteristic  symptom  of  progressive 
myopia,  the  curvilinear  line  of  Weiss.  As  the  myopia  progresses 
the  retraction  extends  around  the  nerve,  forming  a band  of  white 
tissue— ring  conus.  (Plate  XVI.,  E.)  If  the  retraction  extends 
further,  inflammatory  changes,  with  consequent  atrophy,  take  place, 
resulting  in  bulging  back  of  the  ball  or  posterior  staphyloma. 
(Plate  XVI.,  C.)  (6)  High  myopia  is  likewise  accompanied  by 

inflammatory  changes  about  the  macula,  such  as  have  been  described 
under  the  heading  of  Choroiditis  Areolaris. 

Complications.  In  mild  cases  of  choroiditis,  the  retina  and  optic 
nerve  may  become  hypersemic.  When  the  affection  is  due  to  eye- 
strain,  the  cause  may  quickly  be  relieved  by  correction  of  the  refrac- 
tion, and  thus  the  retina  and  optic  nerve  acquire  no  pronounced 
defects;  but  if  choroidal  disease  exists  for  any  length  of  time,  or  is 
severe,  incidental  inflammation  and  subsequent  atrophy  of  the  optic 
nerve  and  retina  occur,  with  subsequent  diminution  of  vision.  Thus 
it  is  that  most  cases  of  choroiditis  are  a chorioretinitis.  (Plate 
XVII.,  C.)  The  choroid  likewise  is  generally  involved  in  cyclitis  and 
iritis,  which  are  accompanied  by  hypersemia  or  ulimate  degenerative 
changes  in  the  choroid.  Iridochoroiditis  has  thus  been  described  as 
a special  disease.  The  vitreous  is  generally  involved  in  exudative 
choroiditis,  and  the  results  of  choroidal  inflammation  and  exudation 
are  to  be  seen  therein  in  opacities  of  the  vitreous. 

Choroiditis  Suppurativa.  Suppurative  choroiditis  may  ongii  ace 
in  the  choroid,  being  evident  at  first  by  a local  exudation  containing 
numerous  cells  and  pus  germs.  The  inflammation  extends  to  the 
retina  and  vitreous,  and  at  this  stage  may  be  seen  through  the  pupil 
as  a yellowish  mass  in  the  fundus,  or  later  as  a yellowish  reflex. 
(Plate  XVII.,  B.)  The  inflammation  becomes  violent,  implicating 
the  ciliary  body  and  iris,  and,  finally,  all  the  structures  of  the  eye, 
causing  panophthalmitis. 

Symptoms.  There  are  but  few  mild  cases,  but  in  these  or  in  the 
beginning  of  suppurative  choroiditis,  although  the  inflammation 
proper  is  confined  to  the  uvea  itself,  the  media  become  clouded,  and 
fundus  examination  is  limited  to  the  perception  of  a yellowish  glim- 
mer. The  vision  is  greatly  diminished,  there  is  pain,  and,  on  account 
of  the  iritis,  congestion  is  present.  There  may  be  slight  rise  of 
temperature.  In  the  graver  cases  the  inflammatory  symptoms 
progress  to  severe  implication  of  the  ocular  structures,  violent  pain 
is  present,  and  sight  is  "on  pletely  lost;  hyperpyrexia  likewise  occurs. 

Course.  In  the  beginning  there  is  hypertension,  owing  to  exu- 
dation; the  eyeball  softens  later,  and  finally  atrophies.  In  severe 
cases  the  conjuncava  and  eyelids  become  oedematous,  and  the  con- 
junctiva often  so  chemosed  that  it  projects  between  the  lids,  which 
can  be  with  nifficulty  forced  open.  In  violent  cases  the  eyeball 


378 


THE  EYE. 


protrudes  and  becomes  immovable,  from  infiltration  of  Tenon’s  cap- 
sule and  the  orbital  contents;  pain  becomes  intolerable  and  tor- 
menting photopsise  are  present;  high  fever  exists  and  vomiting 
occurs;  the  inflammation  may  extend  to  the  brain,  and  suppurative 
meningitis  result.  The  symptoms  increase  until  the  purulent  exu- 
dation in  the  eye  makes  an  exit,  a perforation  of  the  sclera  usually 
taking  place  in  the  anterior  portion;  the  conjunctiva  and  sclera 
bulge  forward;  the  purulent  contents  slowly  extrude,  the  pain  then 
ceases,  and  after  six  or  eight  weeks  the  eyeball  shrinks  to  a small 
stump  (phthisis  bulbi). 

Etiology.  Choroiditis  suppurativa  is  produced  by  infection  of  the 
choroid  from  pyogenic  matter: 

1.  Ectogenous  infection  may  arise  in  the  choroid  itself  or  from 
the  outside:  (a)  Penetrating  injuries  and  infected  operative  pro- 
cedures involving  opening  of  the  eyeball  are  the  most  frequent 
causes.  ( b ) The  passage  of  suppuration  from  without  inward  in 
perforating  ulcer  of  the  cornea  and  prolapse  of  the  iris,  (c)  Infection 
may  pass  in  from  corneal  or  sclerotic  cicatrices,  with  incarcerations 
of  the  iris.  The  germs  enter  from  a lesion  in  the  epithelium  cover- 
ing the  cicatrices  or  by  sudden  stretching  or  bursting  open  of  the 
latter. 

2.  Endogenous  infection  occurs:  (a)  Through  embolism  from 
pyogenic  substances  passing  from  the  general  circulation  into  the 
vessels  of  the  choroid,  becoming  there  arrested,  and  developing 
metastatic  choroiditis.  This  is  a symptom  of  pyaunia.  The  most 
frequent  form  is  seen  in  puerperal  fever.  It  al«c  occurs  from  infec- 
tive suppurating  glands,  such  as  chancroidal  buboes,  (b)  By  extension 
of  the  inflammation  from  the  meninges,  particularly  in  the  cerebro- 
spinal form.  The  cases  occur  chiefly  in  children,  and  are  distinguished 
by  their  comparatively  mild  course,  so  that  in  rare  cases  some  small 
degree  of  sight  may  be  obtained,  (c)  By  extension  of  the  inflamma- 
tion from  behind  in  phlegmonous  inflammation  of  the  orbit  and 
thrombosis  of  the  orbital  veins. 

Prognosis.  The  prognosis  o suppurative  choroiditis  is  very  un- 
favorable. In  practically  oil  cases  the  sight  is  lost.  In  most  cases 
the  result  is  atrophy  of  the  eyeball,  and  where  the  choroiditis  is  but 
one  of  the  symptoms  of  nysemia  or  meningitis  the  life  of  the  patient 
is  jeopardized. 

Treatment.  No  medication  can  change  the  course  of  suppurative 
choroiditis.  It  vs  confined  to  ameliorating  the  patient’s  suffering. 
The  pain  may  be  combated  with  hot  compresses  and  narcotics. 
If  the  cas-1  progresses  to  panophthalmitis,  free  incision  of  the 
sclera  in  its  anterior  portion  diminishes  the  tension  by  allowing 
evacuation  of  the  suppurating  contents,  and  thus  the  pain  and  prog- 
ress of  the  disease  are  cut  short.  When  the  eye  becomes  shrunken, 
it  usually  remains  quiescent;  but  in  some  cases  further  degeneration, 
such  as  calcareous  deposits,  occurs,  causing  irritation  of  the  ciliary 
nerves  and  sympathetic  irritation  in  the  other  eye. 
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While  an  artificial  eye  might  be  worn  over  the  resultant  stump, 
still  the  irritation  caused  by  the  shell  may  give  rise  to  secondary 
symptoms.  Although  it  has  been  customary  to  do  prosthesis  over  a 
shrunken  stump,  the  danger  from  sympathetic  irritation  should  be 
considered,  and  enucleation  should  be  practised. 

Enucleation  in  the  height  of  panophthalmitis  should  not  usually 
be  done,  except  in  cases  where  phlegmon  of  the  orbit  is  likewise 
developed  and  where  it  is  necessary  to  obtain  thorough  drainage. 
Suppurative  meningitis  has  been  reported  as  occurring  after  enu- 
cleation for  panophthalmitis,  but  also  several  cases  have  been  reported 
of  fatal  meningitis  succeeding  a panophthalmitis  in  which  enucleation 
was  not  practised.  The  general  treatment  should  be  that  adopted 
for  septicaemia  or  pyaemia:  quinine,  alcohol,  and  strychnine  are  to  be 
exhibited,  and  the  excretory  functions  kept  in  normal  condition. 

Sequelae.  The  result  of  severe  plastic  or  purulent  inflammation  of 
the  uvea  is  shrinking  of  the  eyeball,  due  to  absorption  of  its  contents 
and  their  replacement  by  connective  tissue. 

Two  forms  are  observed : 

1.  Atrophy  (Fig.  198),  where  the  shrinkage 
takes  place  slowly;  the  diminution  is  usually 
moderate,  being  caused  by  the  contracting  exu- 
date. The  tissues  of  the  eye  remain  individ- 
ually distinct.  The  shrinking  of  the  exudate 
draws  the  intra-ocular  contents  together,  caus- 
ing repeated  attacks  of  inflammation,  and,  at 
times,  sympathetic  irritation  in  the  fellow  eye. 

The  cause  of  atrophy  of  the  eyeball  lies  chiefly 
in  plastic  iridocyclitis.  The  atrophy  goes  on 
for  months  or  years,  and  may  result  in  phthisis 
bulbi. 

2.  Phthisis  Bulbi.  Here  the  shrinkage  fol- 
lowing perforating  panophthalmitis  is  rapid, 
as  a rule,  the  eye  becoming  very  small,  shrinking 
even  to  the  size  of  a hazelnut.  The  ocular 
contents  are  extruded  through  the  rupture  or 
are  rapidly  absorbed;  hence  such  eyes  are 
seldom  painful,  and  do  not  give  rise  to  sym- 
pathetic irritation  in  themselves,  but  the  orig- 
inal inflammation  through  which  thpy  passed, 
in  many  cases  gives  rise  to  sympathetic  inflam- 
mation. 

Essential  Phthisis  Bulbi  ( oputhalmomalacia) . 

This  is  a rare  affection,  supposed  to  be  due  to  a 
lesion  of  the  sympathetic  The  eyeball  becomes  soft,  and  in  mild  cases 
opacities  of  the  meri;a  occur.  The  condition  may  last  for  several 
days  or  weeks,  and  finally  disappear  without  leaving  traces.  In 
severe  cases  the  tension  becomes  lowered  and  the  eyeball  perma- 
nently diminished  in  size. 


Fig.  198. 


Atrophy  of  ihe  eyeball. 
The  eyeball  is,  waller  and  of 
quadrar.gnlar  shape,  from 
pulling  of  '.he  recti  muscles, 
and  graved  at  their  inser- 
tiou  t?~j  cornea  is  irregular, 
♦hv  retina  detached  from  the 
cnoroid,  and  much  exuda- 
tion in  the  remains  of  the 
vitreous  behind  the  lens  ; the 
choroid  remains  attached  at 
the  posterior  portion  of  the 
globe,  being  detached  only 
as  far  as  the  ora  serrata  ; be- 
tween the  choroid  and  the 
retina  is  a space  filled  with 
an  albuminous  fluid ; the 
optic  nerve  is  thinner  and 
atrophic. 
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Ossification  of  the  choroid  and  ocular  contents  is  found  not  infre- 
quently in  shrunken  eyes  of  long  standing;  a thin  shell  of  bone  is  found 
in  the  posterior  portion,  in  which  there  is  a hole  for  the  optic  nerve. 
Calcareous  degeneration  of  the  contents  likewise  may  occur.  The 
stump  is  often  painful  to  touch,  and  may  give  rise  to  sympathetic 
irritation. 

Treatment.  Atrophic  eyeballs  containing  foreign  bodies  or  having 
undergone  osseous  or  calcareous  degeneration,  and  all  irritable  and 
painful  stumps  should  be  enucleated.  In  but  few  cases  in  which 
there  are  small  non-irritable  stumps,  should  artificial  eyes  be  fitted 
without  enucleation. 

Neoplasmata  of  the  Choroid.  New-growths  of  the  uveal  tract 
are  relatively  uncommon,  occurring  in  0.0375  to  0.066  per  cent,  of 
eye  cases.  Of  these,  sarcoma  is  relatively  common,  and  is  seen 
most  often  in  the  choroid.  It  usually  is  pigmented,  and  its  course 
is  such  that  four  distinct  stages  may  be  observed.  If  occurring 


Fig.  199. 


Fig.  200. 


Fig.  199.— Sarcoma  of  choroid,  first  stage.  (Photogra  phea  fiom  specimen.) 

Fig.  200. — Sarcoma  of  choroid ; second  stage  ; externa1  aspect  of  enucleated  eyeball. 


in  the  choroid,  in  the  first  stage  the  tumor  is  small  (Fig.  199); 
and  if  occurring  away  from  the  macular  region,  does  not  at  first 
affect  the  visual  acuity,  but  give.'  rise  to  defect  in  the  visual  field 
from  circumscribed  detachment  oi  the  retina.  (Figs.  192-197.)  The 
diagnosis  is  usually  readily  made  by  the  ophthalmoscope,  although 
not  always  upon  first  examination,  as  it  is  to  be  differentiated  from 
simple  detachment  of  th3  retina.  As  the  tumor  grows  the  retina 
becomes  more  and  more  detached  from  the  choroid,  the  space  between 
it  and  the  choroid  containing  a thickened,  jelly-like  mass  infiltrated 
by  connective-tissue  elements  and  amoeboid  cells,  but  not  with  tumor 
tissue.  The  temor  itself  is  usually  circumscribed,  the  choroid  re- 
maining in  contact  with  the  sclera  in  its  full  extent.  Externally, 
the  eye  still  appears  normal.  (Plate  XIV.,  E.)  On  further  growth, 
the  eye  becomes  blind  and  ophthalmoscopic  examination  is  impos- 
sible on  account  of  the  disturbance  of  the  media. 

1 i the  second  stage  symptoms  of  increased  tension  set  in,  the  eye 
presenting  the  appearance  of  inflammatory  glaucoma,  being  inflamed, 
the  cornea  dull,  the  anterior  chamber  shallow,  iris  discolored,  pupil 
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dilated  and  immobile,  tension  elevated.  The  lens  later  becomes 
clouded,  and,  besides  the  total  blindness,  the  patient  suffers  pain. 
As  these  are  the  symptoms  of  inflammatory  glaucoma,  and,  as  many 
cases  are  not  seen  by  the  physician  until  this  stage  sets  in,  a correct 
diagnosis  often  is  made  with  difficulty.  If  the  eye  be  enucleated  at 
this  time,  it  may  be  found  of  an  irregular  shape  from  bulging  of  the 
ocular  coats  due  to  growth  of  the  tumor.  (Fig.  200.) 

The  third  stage  is  that  of  perforation  of  the  eyeball  and  extra-ocular 
growth  of  the  tumor.  Perforation  occurs  by  infiltration  of  the  sclera 
and  replacement  of  its  tissue  by  the  neoplasm.  The  favored  site  is 
posteriorly,  when  the  nodules  of  the  tumor  are  invisible  until  after 
enucleation,  but  if  anteriorly,  dark  and  hard  prominences  may 
be  seen  developing  in  the  region  of  the  corneal  limbus.  As  soon 
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Sarcoma  of  orbit  including  eyeball,  originating  in  choroidal  grown*  • third  stage.  (See  Fig.  202.) 


as  the  neoplasm  has  broken  through  the  envelopes  of  the  eyeball, 
the  great  tension  and  consequent  pair,  usually  ceases,  and  after  this 
the  tumor  grows  rapidly,  filling  the  orbit  with  projecting  cauli- 
flower-like excrescences.  (Figs.  201  and  202.)  Ulceration  of  the 
superficial  portion  with  hemorrhages  and  foul  discharge  then 
occurs.  The  neoplasm  may  extend  directly  into  the  neighboring 
parts  and  brain,  the  patient  dying  of  septicemia,  from  absorption 
of  the  necrotic  produc+s,  Torn  hemorrhage  or  from  implication  of 
the  brain. 

The  fourth  stag;  is  that  of  metastasis  and  generalization  in  the 
internal  organs,  usually  the  liver.  (Figs.  203  and  204.) 

Metastasis  b<  gms  during  the  second  and  third  stages,  and  a diag- 
nosis of  internal  disease  cannot  usually  be  made  until  the  visceral 
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tumors  are  sufficiently  large  to  be  appreciated  by  palpation  and 
percussion. 

Sarcomata  of  the  choroid  consist  of  either  round  or  spindle  cells, 
01  are  a mixed  form.  They  may  be  pigmented  or  non-pigmented, 
and  usually  contain  many  wide  bloodvessels.  As  they  develop  from 
the  external  layers  of  the  choroid,  their  microscopic  appearance  is 
the  same  as  that  of  sarcomata  of  other  vascular  tissues.  Sarcomata 


Fig.  202, 


Fig.  203. 
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Hodult 


*ig-  202.  Sarcoma  of  orbit  including  eyeball,  original!"^  in  choroidal 
growth;  third  stage.  (From  patient  shown  in  Fif,.  \D1.) 

Fig.  203.— Metastatic  or  fourth  stage  of  intra-oo’Ja.  ^rcoma.  (Fig.  204.) 


are  the  only  forms  of  new  growths  that  have  been  reported  as 
occurring  in  the  choroid. 

Duration  and  t.-ognosis.  The  first  and  second  stages  usually  last 
three  or  four  years.  Patients  die  in  the  third  stage  from  exhaustion 
or  extension  mto  the  brain.  The  fourth  stage  is  always  fatal,  and 
the  twc  latter  stages  usually  culminate  in  death  in  about  a year. 

bai  toi  na  affects  the  uveal  tract  and  orbit  in  about  equal  propor- 
tions ot  males  and  females,  the  average  age  being  forty-eight  and  one- 
, * fears-  ,Tt  1S  extremely  rare  in  children,  so  that  a malignant  growth 
developing  in  an  eyeball  would,  in  all  probability,  be  regarded  as  a 
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glioma  in  a child  and  a sarcoma  in  an  adult.  Recurrence  takes  place 
in  about  8.86  per  cent.  In  primary  uveal  sarcoma  where  the  eyeball 
is  removed  early  the  prognosis  is  more  favorable  than  when  arising 
in  the  orbit,  where  recurrence  takes  place  in  58.6  per  cent.  Sarcomata 
of  the  iris  and  ciliary  body  behave  in  respect  to  their  course  and 
ultimate  outcome  like  those  of  the  choroid. 

Treatment.  Early  enucleation  of  the  eyeball,  in  which  the  optic 
nerve  is  cut  as  far  back  as  possible,  is  the  treatment  of  the  first  stage. 
If  the  neoplasm  has  affected  the  orbit,  complete  exenteration — i.  e., 
removal  of  the  entire  contents  of  the  orbit — together  with  the  perios- 
teum may  be  done  in  hopes  to  prolong  life.  Exposure  of  the 


Fig.  204. 


Abdominal  contents  in  case  of  metastatic  sarcoma  originating  n t le  eye,  showing  enormous 
secondary  growth  back  of  liver.  (Same  :ase  cs  Fig.  203.) 


denuded  orbit  to  the  action  of  the  x-ray  may  then  be  resorted  to  as 
an  additional  security  against  recurrence.  Recurrence  and  death, 
however,  usually  take  place  within  two  years,  but  a very  small  pro- 
portion of  cases  being  cured  by  exenteration  and  x-ray  exposure. 
The  treatment  of  the  fourth  stage,  where  involvement  of  other 
organs  has  occurred,  is  simole  palliation  of  the  patient’s  suffering. 

Injuries  of  the  Cboroul.  Penetrating  wounds  of  the  posterior 
portion  of  the  eyebaU  involve  the  choroid;  they  are  likewise  accom- 
panied by  injuries  to  ihe  retina  and  vitreous.  If  clean,  they  heal  by 
cicatricial  tissue;  if  septic,  inflammatory  changes  result,  producing 
iridochoroiditis  ;ird  panophthalmitis. 
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Fig.  205. 


Rupture  of  the  Choroid.  This  is  produced  by  a contusion,  usually 
by  a blunt  instrument;  sometimes  several,  but  generally  only  one 
laceration  occurs.  On  account  of  extravasation  of  blood  into  the 
vitreous  and  under  the  retina,  this  injury  is  not  usually  recognized 
until  some  time  after  the  accident,  when  healing  has  already  taken 
place.  (Plate  VII.,  E.)  Then,  upon  ophthalmoscopic  examination, 
a white  streak  is  observed  over  which  the  retinal  vessels  run  without 
change  in  their  course;  the  edges  of  the  rent  are  observed  to  be  colored 
by  proliferation  of  the  pigment;  localized  detachment  or  rupture  of 

the  retina  is  generally  present.  Con- 
striction of  the  visual  field  and  loss 
of  visual  acuity  occur  from  atrophic 
changes  in  the  retina  and  optic  nerve. 

Treatment.  Treatment  of  this  con- 
dition is  absolute  rest  in  bed  for  a 
week  or  more,  to  reduce  the  liability 
of  hemorrhage  and  retinal  detachment, 
and  instillation  of  atropine  to  quiet 
the  action  of  the  ciliary  muscle  and 
iris.  Immediately  after  the  accident 
saline  cathartics  may  be  given  as  de- 
rivatives, and  iodide  of  potassium 
later,  to  aid  in  the  absorption  of  clots 
or  exudates. 

Detachment  of  the  choroid  is  due  to 

subchoroidal  hemorrhage,  which  gives  symptoms  of  glaucoma  (one 
of  the  so-called  forms  of  hemorrhagic  glaucoma).  It  is  absolutely 
fatal  to  vision.  This  is  one  of  the  results  of  sudden  relief  of  intra- 
ocular tension,  and  has  been  observed  as  an  unfortunate  accident- 
after  iridectomy,  made  in  glaucoma,  and  also  after  cataract  extrac- 
tion. 

Treatment.  The  eyeball  usually  has  to  be  removed  in  order  to 
stop  the  hemorrhage  and  great  pain. 


Severe  subchoroidal  hemorrhage,  with 
detachment  of  choroid  and  retina,  fol- 
lowing iridectomy  for  glaucoma.  (Photo- 
graphed from  specimen.) 


THE  VITREOUS  HUMOR. 

Anatomy  and  Physiology.  Macroscopic  Anatomy.  The  vitreous 
(corpus  vitreum)  is  a transparent,  colorless,  gelatinous  mass  filling 
the  posterior  cavity  of  the  eye.  It  is  surrounded  posteriorly  and 
laterally  by  the  optic  nerve  and  retina,  and  anteriorly  by  the  ciliary 
body  and  capsule  of  the  lens.  On  the  anterior  surface  there  is  a 
depression,  the  fossa  patellaris,  in  which  rests  the  posterior  surface  of 
the  lens.  It  is  traversed  from  behind  forward  by  the  hyaloid  canal, 
which  is  a lymph  space  beginning  at  the  papilla  and  extending  to 
the  posterior  pole  of  the  lens.  During  foetal  life  the  hyaloid  artery 
runs  in  this  canal,  and  sometimes  persists.  The  vitreous  has  no 
bloodvessels,  and  depends  for  its  nutrition  upon  the  surrounding 
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tissue,  particularly  the  uvea;  hence,  affections  of  the  inner  membranes 
of  the  eye,  the  retina,  and  the  choroid  always  implicate  the  vitreous. 

Microscopic  Anatomy.  The  vitreous  is  a transparent  reticulum 
containing  a clear  liquid  substance,  with  round  or  branched  cells 
which  are  mostly  found  in  the  outer  layer,  and  are  supposed  to  be 
migrated  white  blood  corpuscles.  The  external  envelope  is  formed 
by  a structureless  layer,  the  hyaloid  membrane. 

The  vitreous  serves  as  a medium  of  support  to  the  ocular  tunics 
preserving  the  spherical  shape  of  the  eyeball,  and  as  a clear  medium 
permitting  the  passage  of  light  and  focusing  of  objects  upon  the 
retina.  Its  index  of  refraction  is  about  the  same  as  that  of  distilled 
water,  which  is  1.3340. 

Diseases  of  the  Vitreous. 

Congenital  Anomalies.  Persistent  Hyaloid  Artery.  The  hyaloid 
artery  passes  from  the  central  artery  of  the  retina  to  the  posterior 
surface  of  the  lens,  occupying  the  canal  of  Cloquet  in  the  hyaloid 
canal  during  foetal  life,  shrivels  and  disappears  about  the  sixth  month 
of  gestation,  but  occasionally  persists:  (a)  a filamentous  strand 
attached  to  the  disk  or  to  the  lens,  the  free  end  floating  in  the 
vitreous;  (6)  a strand  passing  across  the  vitreous;  (c)  irregular 
minute  bodies  upon  the  surface  of  the  disk.  Its  vestigial  remains 
are  accountable  for  posterior  congenital  capsular  cataract.  There 
is,  as  a rule,  no  defect  of  vision,  except  it  be  accompanied  by  opacity 
of  the  lens  or  other  congenital  anomaly. 

The  walls  of  the  canal  of  Cloquet  are  sometimes  sufficiently  c paq  ue 
to  be  seen  by  the  ophthalmoscope  or  to  interfere  with  central  visual 
acuity. 

Inflammatory  Diseases.  Hyalitis.  Inflammation  of  the  vitreous 
is  never  primary,  but  accompanies  and  is  the  result  of  inflammation 
in  the  retina  and  the  uveal  tract.  Vision  is  diminished  from  inter- 
ference with  the  function  of  the  retina,  and  also  by  disturbance  of 
the  media  due  to  punctate  spots  in  the  vitreous,  which  the  patient 
sees  as  floating  specks.  These  are  not  to  be  confounded  with  muscse 
volitantes,  which  are  a normal  phenomenon,  bemg  due  to  the  amoeboid 
cells  in  the  vitreous,  which  are  readily  seen  entopically  by  closing 
the  eyelids  and  turning  the  face  toward  a strong  light.  Most  patients 
annoyed  by  the  latter  have  some  *uror  of  refraction  which  should  be 
corrected  with  suitable  lenses  V fine,  dust-like  mist  occurring  in 
the  course  of  choroiditis,  particularly  of  the  syphilitic  variety,  can  be 
detected  by  the  patient  as  floating  specks  and  also  by  the  ophthal- 
moscope. This  is  called  hyalitis  punctata.  In  another  form  of  the 
disease  they  are  seen  as  star-like  or  as  minute  light-colored  spheres, 
asteroid  hyalitis. 

Opacities  in  the  Vitreous . These  are  either  fixed  or  movable,  and 
are  secondary  tc  other  affections  of  the  retina  and  choroid.  Large 
membranes  may  form  as  the  result  of  hemorrhage  or  inflammation, 
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and  are  readily  seen  by  the  ophthalmoscope,  impeding  vision  de- 
pending upon  their  location.  (Fig.  206.)  The  ophthalmoscope 
offers  a sure  method  of  making  the  diagnosis  if  the  media  be  clear. 
A convex  glass  of  from  5 D.  to  15  D.  is  used  to  focus  the  various 
depths  of  the  fundus,  and  the  patient  directed  to  rotate  the  eye,  by 
which  the  opacities  may  be  brought  into  view,  and  their  depth  dis- 
covered by  the  strength  of  the  focusing  glass,  and  their  paralactic 

Fig.  206. 


Striae  retinae  et  merabranae  vitreae  ^ choroiditis  exudativa. 


movements.  High  degrees  of  myopia  predispose  to  degenerations  of 
the  ocular  contents,  and  usually  ar:  attended  by  membranes  or  opaci- 
ties in  the  vitreous.  The  several  diatheses  and  general  diseases  giving 
rise  to  diseases  of  the  retina  and  choroid  are  likewise  prone  to  develop 
vitreal  opacities. 

Treatment.  The  treatment  of  hyalitis  and  opacities  in  the  vit- 
reous should  be  tha  t of  the  cause,  if  such  can  be  ascertained.  Altera- 
tives, such  as  mercury  and  potassium  iodide  are  sometimes  useful. 
Irregularities  of  the  menstrual  function,  disorders  of  the  liver,  etc., 
should  be  treated;  diaphoresis  with  pilocarpine  (0.01  gm.  hypoder- 
mically) once  a day,  followed  by  a hot  general  bath,  is  sometimes 
useful  Errors  of  refraction  and  bad  ocular  or  bodily  habits  should 
be  corrected. 

Hyalitis  Suppurativa.  This  is  an  infective  inflammation  of  the 
vitreous  caused  by  entrance  of  pyogenic  micro-organisms.  It  is  an 
accompaniment  of  iridochoroiditis,  and  has  been  described  under 
that  heading. 
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Pseudoglioma.  A circumscribed  suppuration  or  plastic  inflamma- 
tion of  the  vitreous  may  occur  in  the  periphery  of  the  chamber  near 
the  ciliary  region,  being  due  to  exudation  from  the  ciliary  body,  and 
is  accompanied  by  loss  of  vision  and  minus  tension.  On  account  of 
the  yellowish  reflex  from  the  pupil,  such  cases  have  been  mistaken 
for  true  glioma  of  the  retina,  but  the  evidences  of  a general  uveitis, 
and  the  decreased  tension  should  give  the  proper  diagnosis. 

Bloodvessel  Formation  in  the  Vitreous.  After  inflammation  or 
hemorrhage  into  the  vitreous,  organization  and  development  of 
bloodvessels  may  take  place,  forming  a veil  of  freely  communicating 
capillaries  having  seemingly  no  connection  with  the  bloodvessels  of 
the  retina.  These  interfere  with  vision,  depending  upon  the  amount 
and  their  position. 

Degenerations  of  the  Vitreous.  Synchisis  Corporis  Vitrei.  Fluidity 
of  the  Vitreous . The  vitreous  being  dependent  upon  the  retina  and 
choroid  for  its  nutrition,  during  the  progress  and  as  the  result  of 
diseases  of  these  membranes,  and  in  high  degrees  of  myopia,  degen- 
eration of  the  vitreous  occurs,  so  that  its  framework  is  destroyed, 
losing  its  normal  consistency  and  becoming  a straw-like  liquid.  There 
are  likewise  diminished  tension  (hypotony)  and  frequently  a tremulous 
iris  (iridonesis),  and  occasionally  a luxated  lens.  This  condition  is 
a most  unfavorable  factor  for  restoration  of  vision  by  cataract  extrac- 
tion. Treatment  is  of  no  avail. 

Synchisis  Scintillans.  Cholesterin  Crystals  in  the  Vitreous.  These 
are  apparent  to  the  patient  by  flashing  sparks  before  the  eye^ 
and  to  the  ophthalmoscope  by  numerous  glistening  crystals  reflect:  ng 
the  light  from  the  ophthalmoscope  in  the  form  of  a shower  of  * parks. 
They  are  composed  of  minute  crystals  of  cholesterin  anc  tyiusin, 
and  the  ophthalmoscopic  picture  is  very  brilliant  and  intere;A;iig.  As 
this  happens  in  eyes  that  are  more  or  less  degenerated  in  othe;*  respects, 
the  vision  is  reduced.  The  condition  does  not  yield  to  treatment. 

Fatty  Degeneration  of  the  Vitreous.  In  this  condition  there  are 
muscae  volitantes,  and  the  ophthalmoscope  shows  numerous  white 
glistening  spots  evenly  distributed  through  the  vrwreous.  The  vision 
is  slightly  reduced;  but  as  this  is  an  evidence  of  senile  decay,  there 
is  no  indication  for  special  treatment. 

Detachment  of  the  Vitreous . The  vitreous  may  shrink  in  volume 
from  degenerative  changes,  and  the  retina  thus  losing  its  support 
becomes  detached.  It  may  arise  from  choroiditis,  hemorrhage,  exten- 
sive posterior  staphyloma,  and  t^uma.  If  the  eye  does  not  become 
inflamed,  there  is  no  occasion  for  treatment.  If  congestion,  pain,  or 
sympathetic  disease  set  in  the  eye  may  be  enucleated. 

Injuries  of  the  Vitreous.  Loss  of  Vitreous . Prolapse  of  the  vitreous 
occurs  as  an  unfor+unatp  occurrence  in  penetrating  wounds  of  the 
eyeball,  especially  in  cataract  extraction,  and  about  one-fifth  of  the 
vitreous  may  be  lost  without  materially  affecting  the  function  of 
vision,  as  the  envelopes  of  the  eye  accommodate  themselves  some- 
what to  their  diminished  contents. 
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Treatment.  If  due  to  penetrating  wounds  of  the  sclera,  the  bead 
of  vitreous  may  be  cut  off,  the  wound  stitched,  and  the  eye  treated 
antiseptically ; if  occurring  during  cataract  extraction,  the  toilet 
of  the  anterior  chamber  cannot  be  as  rigidly  made,  and  iris  prolapses 
cannot  always  be  replaced.  The  extruding  vitreous  should  be  snipped 
off,  the  eye  closed,  and  disturbed  as  little  as  possible  in  the  dressings. 
The  extruded  vitreous  retracts  somewhat,  and,  if  it  does  not  become 
infected,  the  wound  heals,  but  union  is  delayed. 

Hemorrhage  into  the  Vitreous.  This  follows  rupture  of  the  vessels 
of  the  retina  or  choroid,  most  probably  the  latter,  causing  loss  of 
vision  depending  upon  the  retinal  and  choroidal  lesion  and  upon 
the  amount  of  bleeding.  Spontaneous  hemorrhage  may  occur  in 
young  adults  who  have  irregularities  of  circulation  and  gout.  As  a 
rule,  these  are  not  entirely  absorbed,  but  leave  opacities  in  the 
vitreous,  damaging  the  vision  if  centrally  located.  If  the  hemorrhage 
be  extensive,  the  sight  is  immediately  lost,  and  fundus  examination 
is  impossible.  The  blood  becomes  absorbed,  leaving  numerous  fixed 
or  floating  opacities.  (Figs.  207  and  208.) 


Fig.  207.  * Fig.  208. 


Fig.  207.— Recent  hemorrhage  and  exudation  into  vit  reo,\s,  following  penetrating  wound  of  ciliary 
region.  (Photographed  from  specimen.) 

Fig.  208.— Organized  exudation  and  membrare^  :n  vitreous,  following  iridocyclitis  from  pene- 
trating wound  of  ciliary  region.  (Photograph  xi  *rom  specimen.) 


Treatment.  Mercurial  prepoiations,  iodide  of  potassium,  pilocarpine, 
saline  mineral  waters,  ergot,  artificial  leech  on  the  mastoid,  and,  for 
the  first  day  or  two,  coU  applications,  followed  later  by  hot  com- 
pressing. 

Entozoa  in  the  Vitreous.  The  scolex  of  pork  measles,  Cysticercus 
cellulosae,  and  of  beef  measles,  cysticercus  of  Taenia  mediocanellata, 
have  been  occasionally  found  in  the  eye,  more  frequently  in  Germany, 
where  it  is  customary  to  eat  uncooked  or  improperly  prepared 
meat. 

Tr  require  this  complaint,  the  patient  must  first  develop  a tape- 
worm in  the  intestinal  tract;  the  egg  entering  the  general  circulation, 
ic  carried  to  the  eye,  and  grows  therein  as  a cysticercus.  It  is  most 
commonly  recognized  after  it  enters  the  vitreous,  being  usually 
first  deposited  under  the  retina.  The  Filaria  sanguinis  hominis  and 
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the  echinococcus  (the  youthful  stage  of  the  tapeworm  in  the  dog) 
have  likewise  been  found,  but  are  of  more  rare  occurrence. 

Treatment.  Prophylaxis  is  most  important.  Food  should  be  well 
cooked,  and  pet  animals  not  allowed  to  lick  the  hands.  Attempts 
have  been  made  to  extract  cysticerci  from  the  vitreous,  but  none  as 
yet  have  resulted  in  restoration  of  vision ; enucleation  of  the  eyeball 
is  therefore  indicated. 


CHAPTER  VIII. 


SYMPATHETIC  OPHTHALMIA. 

By  H.  GIFFORD,  M.D. 

When  an  eye  is  painful  or  irritated  from  any  cause,  it  is  liable 
to  set  up  a sympathetic  irritation  in  the  other  eye,  the  symptoms 
consisting  in  more  or  less  photophobia  and  lacrymation,  sometimes 
with  slight  ciliary  congestion,  or  simply  in  an  inability  to  use  the 
eye  steadily  either  for  near  or  distant  vision.  This  sympathetic  irri- 
tation must  be  sharply  distinguished  from  sympathetic  ophthalmia. 
It  may,  and  frequently  does,  exist  for  many  years  without  any  per- 
manent injury  therefrom,  and  it  disappears  promptly  when  the 
other  eye  or  the  source  of  irritation  in  it  is  removed.  This  irritation 
is  simply  a reflex  from  one  eye  to  the  vasomotors  of  the  other,  and 
although  in  former  years  it  was  believed  that  such  reflexes  could 
cause  plastic  inflammation,  and  a certain  amount  of  experimental 
evidence  was  produced  in  favor  of  the  idea,  it  is  now  generally  con- 
ceded that  reflex  irritation,  if  it  acts  at  all  in  the  production  of  a 
genuine  inflammation,  can  do  so  only  as  a predisposing  cause,  the 
presence  of  some  chemical  irritant,  generally  produced  by  micro- 
organisms of  some  kind,  being  necessary  to  con  iplete  the  process. 

Sympathetic  ophthalmia  is  a plastic  inflammation,  generally  in- 
volving the  whole  uveal  tract,  occurring  in  the  vast  majority  of 
cases  after  a penetrating  wound  of  the  other  eye.  It  matters"  not 
how  extensive  a wound  may  be,  if  it  heals  promptly,  without 
symptoms  of  infection,  sympathetic  ophthalmia  rarely  or  never 
results  from  it.  But  however  slight  the  wound,  if  it  is  followed 
by  a lingering  congestion  and  irritation,  the  possibility  of  sympa- 
thetic ophthalmia  must  be  taken  into  account.  On  the  other 
hand,  where  an  eye  is  severely  injured,  without  any  penetrating 
wound,  long-continued  congestion  is  quite  common,  but  sympathetic 
ophthalmia  rarely  results.  A few  cases  are  on  record  where  it  has 
followed  subconjunctival  ruptures  of  the  sclera,  with  or  without 
luxation  of  the  lens  under  the  conjunctiva,  also  rarely  as  the  result 
of  ossification  of  the  choroid,  and,  rarest  of  all,  from  traumatic 
detachment  of  the  retina.  A perforating  corneal  ulcer  sometimes 
causes  sy  mpathetic  ophthalmia,  most  commonly  where  a large  defect 
has  been  produced,  with  subsequent  entanglement  of  iris  tissue  in 
the  scar.  Tattooing  such  scars  has  also  caused  sympathetic  oph- 
thalmia. A great  number  of  other  causes  of  sympathetic  ophthalmia 
which  have  been  described  are  the  result  mainly  of  the  want  of 
( 390) 
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discrimination  between  sympathetic  ophthalmia  and  sympathetic 
irritation. 

Before  the  role  played  by  micro-organisms  in  the  production  of 
inflammation  was  understood,  it  was  natural  that  the  ciliary  nerve 
theory  of  von  Graefe,  according  to  which  sympathetic  ophthalmia 
is  simply  the  result  of  the  reflex  irritation  from  one  eye  to  the  other, 
should  generally  be  accepted.  It  was  also  natural  that  with  the 
advent  of  bacteriology  the  almost  constant  connection  between 
sympathetic  ophthalmia  and  penetrating  wounds  of  the  eye  should 
suggest  that  micro-organisms  were  the  cause  of  the  disease,  and, 
after  the  apparently  convincing  experiments  of  Deutschmann,  which 
seemed  to  demonstrate  the  easy  passage  of  bacteria  from  the  interior 
of  a wounded  eye  along  the  sheaths  and  lymph  spaces  of  the  optic 
nerve  to  the  chiasm,  and  thence  down  between  the  sheaths  of  the 
other  optic  nerve  to  the  fellow  eye,  this  view  rapidly  displaced  the 
ciliary  nerve  theory.  These  experiments,  however,  did  not  receive 
general  confirmation.  The  great  majority  of  subsequent  investi- 
gators failed  to  produce  anything  like  sympathetic  ophthalmia  in 
animals,  and  it  is  only  in  exceptional  cases  that  micro-organisms 
have  been  found  in  eyes  which  have  been  enucleated  on  account  of 
causing  sympathetic  ophthalmia.  Nevertheless,  it  is  commonly  con- 
ceded that  such  well-marked  inflammation  as  that  which  usually 
occurs  in  sympathetic  ophthalmia  can  hardly  result  from  anything 
but  the  growth  of  micro-organisms  which  reach  the  second  eye  from 
the  first,  either  through  the  lymph  or  blood  channels,  the  congestion 
caused  by  the  sympathetic  irritation  possibly  causing  a focus  of 
lessened  resistance  in  the  second  eye,  thus  favoring  the  lodgement, 
and  growth  of  germs  therein.  The  most  ardent  advocates  of  the 
germ  theory  of  the  disease  admit,  on  their  part,  that  the  nnture  of 
the  germ  which  causes  the  disease,  and  the  path  which  A takes  in 
reaching  the  second  eye,  are  as  yet  unknown,  although  the  free 
communication  between  the  eyes  by  way  of  the  lymph  spaces  sur- 
rounding the  optic  nerves  suggests  this  as  the  easiest  and  most 
probable  route,  the  main  objection  to  it  being  the  non-occurrence 
of  serious  brain  symptoms  in  sympathetic  ophthalmia.  These  would 
naturally  be  expected  if  the  germs  have  to  i ass  through  the  cranial 
cavity  on  the  way  to  the  second  eye.  'This  objection  is  met,  to 
some  extent,  by  the  suggestion  that  there  is  probably  only  a very 
slender  stream  of  germs  passing  lro>n  the  first  eye  to  the  second, 
and  that  these  may  produce  serums  symptoms  only  where  they  accu- 
mulate in  the  terminal  lympn  spaces  of  the  second  eye.  It  has, 
moreover,  been  noted  that  quite  severe  headache  is  not  an  infrequent 
accompaniment  of  sympathetic  ophthalmia,  and,  in  a few  cases, 
the  victims  of  the  disease  have  become  deaf  as  well  as  blind. 

The  rare  cases  in  which  sympathetic  ophthalmia  has  followed 
subconjunctival  rupture  of  the  sclera,  intra-ocular  tumors,  and  other 
conditions  in  w hiv.h  the  eyeball  has  apparently  not  been  opened  for 
the  entrance  of  che  germs,  call  for  some  explanation.  They  all  have 
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this  in  common,  that  the  exciting  eye,  although  without  apparently 
having  been  opened,  is  the  seat  of  an  active  inflammation,  probably 
of  an  infectious  character,  the  germs  in  the  cases  of  subconjunctival 
rupture  probably  having  obtained  entrance  through  minute  ruptures 
of  the  conjunctiva,  while  in  the  cases  from  intra-ocular  tumors  and 
ossification  of  the  choroid  the  infection  of  the  first  eye  is  probably 
either  from  the  blood,  or  is  a revival  of  some  old  infection,  most  of 
the  eyes  with  ossification  having  been  injured  many  years  before. 
A similar  explanation  applies  to  the  cases  in  which  a sightless  stump 
remains  quiet  and  harmless  for  many  years  after  the  original  injury, 
but  becomes  inflamed  and  excites  sympathetic  ophthalmia  upon  re- 
ceiving a bruise,  or  when  the  patient  catches  cold  or  has  some  general 
infection.  Cases  of  this  kind  have  been  reported  after  measles  and 
mumps. 

F ormerly  much  stress  was  laid  upon  the  special  danger  of  wounds 
in  the  ciliary  region,  and  this  was  supposed  to  give  important  testi- 
mony in  favor  of  the  ciliary  nerve  theory.  Granting  the  premise, 
it  can  be  explained  more  satisfactorily  on  the  germ  theory.  Such 
wounds  are  among  the  commonest  of  penetrating  injuries;  they  are 
complicated  generally  with  prolapses  of  iris  or  choroidal  tissue,  which 
are  well-recognized  factors  in  favoring  endocular  infection;  and, 
finally,  they  lead  into  the  soft  tissue  of  the  ciliary  body  which  has 
been  found  to  be  an  especially  favorable  breeding-ground  for  various 
germs. 

The  dictum  laid  down  years  ago,  that  eyes  in  wliieh  panophthal- 
mitis has  developed  never  cause  sympathetic  ophthalmia,  has  been 
shown  to  be  incorrect,  although  it  is  probable  that  sympathetic 
ophthalmia  is  less  common  after  a violent  destructive  inflammation 
than  after  a milder  and  more  chronic  form,  this  being  due  probably, 
in  part,  to  blocking  up  and  destruction  of  the  lymph  channels 
leading  from  the  eye,  and  possibly,  also,  to  destruction  of  the 
hypothetical  germ  of  sympathetic  ophthalmia  by  the  rapid  growth 
of  the  pus  germs  which  are  genera  fly  found  in  these  cases. 

Regarding  the  length  of  time  which  elapses  between  the  original 
injury  and  the  outbreak  of  sympathetic  ophthalmia,  it  may  be  said 
that  the  most  dangerous  period  is  from  three  to  eight  weeks  after 
the  injury , although  a few  doubtful  cases  have  been  reported  within 
from  one  to  two  weeks  after  the  injury,  and  some  well-authenticated 
ones  as  early  as  two  weeks  thereafter.  At  the  other  end  of  the  scale 
there  is  no  time  bout;  cases  have  occurred  forty  years  after  the 
original  injury,  although  always  in  the  well-authenticated  cases  after 
a recrudescence  of  an  old  inflammation. 

. Symptoms.  Where  the  patient  is  old  and  intelligent  enough  to 
give  accurate  testimony,  the  first  symptom  of  sympathetic  oph- 
thalmia in  most,  if  not  all  cases,  is  a slight  failure  of  vision.  Almost 
cc incident  with  this  there  occur  very  slight  signs  of  incipient  iritis 
ui  the  form  of  ciliary  congestion  (hardly  noticeable  in  some  cases), 
.vit.h  minute  spots  of  deposit  on  the  posterior  surface  of  the  cornea 
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or  the  anterior  surface  of  the  lens,  these  latter  being  hardly  visible 
except  by  strong  magnification.  Then,  in  the  severer  cases,  follow 
rapidly  adhesions  between  the  iris  and  lens  capsule,  increase  of  ciliary 
congestion,  turbidity  of  the  aqueous,  discoloration  of  the  iris;  in  short, 
all  the  symptoms  of  plastic  iritis,  and,  in  rare  cases,  hypopyon. 
The  indications  of  sympathetic  irritation,  photophobia,  and  so  forth, 
which  were  formerly  much  relied  upon  as  warnings  of  the  approach 
of  sympathetic  ophthalmia,  are  generally  conspicuous  by  their  absence, 
and  the  pain  is  seldom  great,  except  in  the  later  stages.  In  the  few 
cases  which  have  been  seen  sufficiently  early  to  permit  a careful  exam- 
ination of  the  fundus,  slight  optic  neuritis  has  often  been  seen,  and 
in  some  cases  the  main  symptom  of  the  disease  has  been  a well- 
marked  inflammation  of  the  optic  disk.  But  ordinarily  the  vitreous 
becomes  turbid  so  rapidly  that  the  fundus  is  never  distinctly  seen. 
In  a few  eyes  which  have  cleared  up  after  severe  sympathetic  oph- 
thalmia, small  roundish  spots  of  choroidal  atrophy  have  been  noted 
by  different  observers.  All  grades  of  severity  of  the  inflammation 
occur;  in  some  cases  it  never  goes  beyond  what  would  be  called  a 
mild  serous  iritis,  and  yields  readily  to  appropriate  treatment.  These 
mild  cases  are,  unfortunately,  exceptional;  as  a rule,  in  spite  of  all 
treatment,  the  disease  progresses  steadily,  the  iris,  .in  spite  of  un- 
limited atropine,  becoming  adherent  to  the  lens,  often  not  only  at  the 
pupil-margin,  but  over  the  greater  part  of  its  posterior  surface.  The 
ciliary  congestion  continues  for  months  or  at  intervals  for  years, 
the  nutrition  of  the  lens  being  interfered  with  to  such  an  extent 
that  it  generally  becomes  opaque;  and,  while  some  eyes  go  through 
a stage  of  secondary  glaucoma,  the  end  in  the  majority  is  a mild 
form  of  phthisis.  There  is  nothing  about  the  appearance  of  the 
eye,  in  sympathetic  ophthalmia,  to  distinguish  it  from  any  severe 
iridocyclitis,  although,  since  we  perhaps  see  more  eyes  that  have 
been  blinded  by  sympathetic  ophthalmia  than  by  any  other  form 
of  plastic  uveitis,  the  atrophic  discolored  iris,  the  she  llow  anterior 
chamber,  and  the  grayish  immovable  pupil,  which  result  from  any 
severe  and  long-continued  inflammation  of  the  n real  tract,  become 
associated  in  our  minds  with  sympathetic  opht  ialmia. 

Pathology.  Comparatively  few  such  eyes  have  been  examined  with 
the  microscope,  the  bulk  of  what  has  been  written  about  the  path- 
ology of  sympathetic  ophthalmia  referring  to  the  eye  which  has 
caused  the  inflammation,  and  not  to  the  sympathizing  eye.  In  those 
which  have  been  recorded,  the  entire  uveal  tract  has  been  found  to 
be  the  seat  of  an  active  inflammation,  with  numerous  accumulations 
of  leucocytes  such  as,  in  a progressive  inflammation,  pathologists 
believe  to  indicate  the  prince  of  micro-organisms,  the  same  extend- 
ing for  some  distance  back  into  the  optic  nerve  and  its  sheaths.  In 
the  few  cases  in  which  both  eyes  have  been  obtained  from  the  same 
subject  the  charges  have  been  strikingly  similar  in  each  eye.  One 
of  these  preserved  the  unusual  occurrence  of  so  large  a number  of 
giant  cells  both  in  the  uveal  tracts  and  in  the  optic  nerves  that 
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tuberculosis  was  thought  of,  but  no  tubercle  bacilli  could  be  found, 
nor  did  the  inoculation  of  rabbits  indicate  their  presence.  As  a rule,' 
no  micro-organisms  have  been  found  either  in  the  injured  or  the 
sympathizing  eyes;  but  in  one  case  they  were  found  in  both  eyes, 
along  both  optic  nerves,  and  in  front  of  the  chiasma.  This  case  is 
generally  regarded  with  some  suspicion  that  there  may  have  been  a 
general  infection.  On  the  whole  it  may  be  said  that  the  pathological 
findings  confirm  the  impression  given  by  the  clinical  history,  that 
sympathetic  ophthalmia  must  be  the  result  of  germ  growth  in  the 
tissues,  but  that  our  technique  at  present  does  not  permit  the  detec- 
tion of  the  germ. 

Prophylaxis.  After  sympathetic  ophthalmia  has  broken  out,  the 
results  of  the  treatment  are,  as  a rule,  so  unsatisfactory  that  special 
stress  must  be  laid  upon  the  prophylaxis.  To  be  as  effective  as 
possible,  this  must  begin  with  the  prevention  of  the  wounds  which 
commonly  cause  the  disease.  This  is  too  broad  a subject  to  be 
discussed  fully  here,  but  the  importance  of  keeping  sharp  instruments 
out  of  the  hands  of  children,  and  of  encouraging  workmen  engaged 
in  pounding  metal  or  stone  to  wear  protective  glasses,  may  be  men- 
tioned. Next  in  order  is  the  proper  management  of  perforating 
wounds  and  of  foreign  bodies  in  the  eye.  This  will  be  considered 
later  on.  The  problem  for  immediate  solution  is:  given  a p«vf orated 
eye  with  symptoms  of  infection  which  fail  to  yield  promptly,  how 
long  shall  operative  interference  for  the  sake  of  the  other  eye  be 
deferred,  and  if  such  interference  is  decided  upon  what  shall  be 
done?  Where  the  wound  is  extensive  and  the  sight  is  irrevocably 
lost,  evisceration  should  be  done  as  soon  as  it  is  evident  that  healing 
is  not  going  to  occur  without  much  reaction.  Many  such  eyes  will 
become  quiet  and  do  no  harm  to  the  other  eve;  but  where  no  useful 
sight  is  possible  the  most  sensible  plan  is  not  to  take  the  slightest 
risk  of  danger  to  the  other  eye.  When  there  is  a prospect  of  the 
injured  eye  retaining  useful  sight,  antiphlogistic  measures  should  be 
persevered  in  for  at  least  ten  days:  and  then  if  no  decided  improve- 
ment in  the  inflammation  is  apparent,  it  should  be  explained  to  the 
patient  or  his  relatives  that  there  is  some  danger  which  can  only  be 
averted  with  the  utmost  certainty  by  sacrificing  the  injured  eye. 
But  if  he  is  willing  to  assume  the  slight  risk,  the  operation  need  not 
be  urged  strongly  for  another  week.  Then,  if  the  symptoms  of  infec- 
tion still  persist  undiminished,  the  sacrifice  of  the  injured  eye  should 
be  urged  more  strongly,  always  with  the  proviso  that  there  is  no 
certainty  of  the  uninjured  eye  becoming  infected,  even  if  no  operation 
is  done.  The  risk  is  not  so  very  great,  but  the  patient  must  under- 
stand that  it  will  continue  as  long  as  the  injured  eye  is  at  all  inflamed. 
If  an  evisceration  will  not  be  consented  to,  an  opticociliary  neu- 
rectomy may  be  suggested;  and  if  this  also  is  refused,  the  physician, 
having  shifted  all  responsibility  for  possible  injury  to  the  good 
eye,  should  persist  in  keeping  the  patient  at  rest  and  in  following 
up  the  antiphlogistic  measures  as  long  as  symptoms  of  irritation 
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continue.  In  the  case  of  blind  eyes  which  are  entirely  free  from 
symptoms  of  deep  infection,  no  interference  is  called  for,  in  my 
opinion,  except  for  cosmetic  purposes;  but  in  the  case  of  a sightless 
eye  which  is  the  seat  of  recurrent  deep-seated  inflammation,  the 
patient  should  be  warned  of  the  possibility  of  danger,  and  eviscera- 
tion advised  even  if  the  blindness  was  not  originally  caused,  by  an 
injury.  In  advising  the  patient  of  the  danger  of  sympathetic  oph- 
thalmia, great  emphasis  should  be  laid  upon  the  fact  that  it  comes, 
.as  a rule,  without  warning,  and  that  after  it  once  appears  all 
treatment  may  be  in  vain;  and  in  watching  for  its  appearance 
physician  and  patient  should  pay  special  attention  to  the  slightest 
diminution  of  sight,  daily  tests  under  uniform  conditions  of  illumina- 
tion being  made.  As  a purely  prophylactic  measure  I always  prefer 
evisceration  to  any  other  operation. 

It  should  be  understood  that  neither  opticociliary  neurectomy,  nor 
evisceration,  nor  enucleation  is  an  absolute  protection  against  sym- 
pathetic ophthalmia.  The  disease  has  been  known  to  occur  after 
all  of  these  operations,  appearing  after  a period  varying  from  one 
to  fifty-four  days  subsequent  to  the  operation.  Some  of  these  after- 
cases are  difficult  to  explain  upon  any  theory,  but  they  are  probably 
due  to  the  infection  having  spread  for  some  distance  back  of  the 
eye  before  the  operation  was  performed.  When  sympathetic  oph- 
thalmia has  already  appeared,  the  treatment  varies  according  to  the 
amount  of  sight  in  the  other  eye  and  the  length  of  time  which  has 
elapsed  since  the  first  symptoms.  If  seen  within  a day  or  two  after 
the  first  onset  of  the  disease,  I should  advise  immediate  enucleation 
of  the  other  eye,  even  if  it  has  useful  sight.  But  if  not  seen  or 
several  days  or  weeks  after  the  first  symptoms,  and  the  firsu  eye 
possess  fair  sight  or  has  a prospect  of  obtaining  it  by  a cataract 
extraction  or  some  other  operation,  it  is  probably  better  not  to 
sacrifice  it;  but  if  it  have  only  a little  sight,  and  there  is  no  prospect 
of  its  ever  having  more  than  enough  barely  to  allow  the  patient  to 
get  around,  I should  sacrifice  it,  even  in  the  la+ert  stages  of  the  dis- 
ease, if  the  second  eye  still  had  the  better  sigM  of  the  two.  In  this 
I differ  from  the  majority  of  writers,  who  follow  the  rule  never  to 
enucleate  after  an  outbreak  of  sympathetic  ophthalmia,  if  the  first 
eye  have  or  can  have  useful  sight.  My  reason  for  this  is  that  the 
statistics  indicate  as  plainly  as  possible  that  the  second  eye  has  a 
better  chance  when  the  first  is  enucleated,  even  long  after  the  out- 
break of  the  disease.  The  case  often  cited  in  which,  where  an  enu- 
cleation was  recommended  and  refused,  the  condemned  eye  retained 
useful  sight  while  the  other  became  entirely  blind,  should  have  little 
weight,  because  if  the  enucleation  had  been  consented  to,  it  might 
have  saved  much  better  eight  in  the  second  eye  than  eventually  was 
retained  by  the  firr.c.  The  effect  of  an  enucleation  is  sometimes  so 
prompt,  a badly  inflamed  eye  often  showing  most,  marked  improve- 
ment on  the  dt  y following  the  enucleation,  that  it  seems  probable 
that  the  firs:  eye  exercises  a constant  influence  on  the  inflammation 
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in  the  second,  either  by  reflex  irritation  or  by  the  passage  of  toxins. 
(It  has  been  shown  conclusively  in  rabbits  that  toxins  readily  pass 
from  one  eye  to  the  other,  causing  marked  inflammation  there  with- 
out any  decided  meningitis  or  general  disturbance.)  This  sudden 
improvement  following  enucleation  is,  to  be  sure,  generally  of  short 
duration  in  severe  cases,  but  in  the  long  run  the  comparison  of  a 
series  of  cases  in  which  enucleation  has  been  performed  with  another 
in  which  it  has  not,  speaks  plainly  in  favor  of  the  operation.  Enu- 
cleation is  recommended  here  in  place  of  any  other  operation,  because 
it  takes  out  more  of  the  infected  tissue,  especially  if  the  nerve  is 
cut  far  back,  as  it  should  be  in  such  cases.  It  is  not  certain  that 
enucleation  gives  better  results  than  evisceration  would,  but  where 
the  outlook  is  so  bad  at  the  best,  cosmetic  considerations,  which 
are  the  main  argument  in  favor  of  evisceration,  should  have  no 
weight  as  against  even  a theoretical  argument  in  favor  of  something 
else. 

Treatment  other  than  surgical  'should  consist  in  rest,  the  free  use 
of  atropine,  and  large  doses  of  salicylate  of  sodium,  mercury,  iodide 
of  potassium,  or  quinine.  I mention  the  salicylate  first  because  it 
is  the  only  remedy  which  I have  known  to  exert  a marked  effect 
upon  a severe  case  of  sympathetic  ophthalmia.  In  two  very  severe 
cases  in  which  I have  used  it  normal  vision  was  restored  in  one,  and 
useful  vision  in  the  other,  while  in  a third  case,  well  marked  but 
not  so  severe,  normal  vision  was  restored.  By  large  Joses  I mean 
10  to  13  grains  in  the  course  of  sixteen  to  eighteen  hours  for  each 
ten  pounds  of  the  patient’s  weight.  That  is,  a.  man  of  150  pounds 
would  receive  from  150  to  200  grains  in  the  course  of  the  waking 
hours.  These  amounts  are  borne  best  when  given  in  brandy,  15 
grains  to  the  teaspoonful,  followed  by  a quarter  of  a glass  of  water; 
but  if  this  nauseates  the  patient,  it  may  be  given  in  capsules,  brandy 
and  water  being  taken  separately.  Some  patients  may  not  stand 
such  large  amounts,  and  if  there  is  any  question  of  heart  trouble, 
one  should  begin  with  smaller  do -ses  Full  doses  can  generally  be  borne 
for  two  days  out  of  three.  In  cases  where  the  stomach  rebels  the 
remedy  may  be  given  by  the  rectum.  If  it  has  the  desired  effect,  it 
should  be  continued,  witn  .ncreasing  intervals  of  entire  abstinence 
from  it  (a  large  dose  on  two  days  in  a week  is  better  than  half  the 
amount  on  four  days),  until  long  after  the  last  sign  of  congestion 
has  disappeared;  and  this  rule  applies  to  whatever  form  of  medi- 
cation is  employed,  on  account  of  the  danger  of  relapses. 

Mercury  is  best  given  in  the  form  of  inunctions,  a piece  the  size 
of  the  pabent  s.  whole  thumb  being  rubbed  in  twice  a day  for  four 
days  in  succession,  unless  tenderness  of  the  gums  appears  sooner; 
then  the  same  amount  once  a day  for  the  rest  of  the  week,  after 
which  an  interval  of  several  days  should  occur  before  the  inunctions 
a*e  recommenced.  If  salicylate  or  mercury  have  no  marked  effect, 
large  doses  of  iodide  of  potassium  or  quinine  should  be  tried,  or 
they  may  be  used  in  the  intervals  when  the  patient  is  not  using 
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the  other  remedies.  If  this  is  done,  it  would  probably  be  best  to 
avoid  following  salicylate  with  quinine,  on  account  of  the  effect  on 
the  ears. 

As  a rule,  hot  applications  have  a favorable  effect,  though  in  some 
of  my  patients,  when  used  in  the  ordinary  way,  they  have  seemed 
to  do  harm,  while  when  employed  in  the  form  of  thick  soft  poultices, 
changed  every  ten  minutes  for  an  hour,  four  times  a day,  the  effect 
has  been  decidedly  beneficial. 

If  other  remedies  fail,  subconjunctival  injections  of  two  or  three 
drops  of  sublimate,  1:1000,  or  ten  drops  of  2 per  cent,  sodium 
chloride  every  third  day  may  be  tried.  If  the  first  eye  be  retained, 
it  should  receive  the  same  local  treatment  as  the  other  eye  as  long 
as  signs  of  infection  continue. 

It  goes  without  saying  that  everything  consistent  with  rest  which 
can  be  done  to  keep  the  general  condition  good  should  be  done.  In 
spite  of  all  treatment,  even  when  the  case  is  seen  at  the  start,  the 
prognosis  is  bad.  The  iris  generally  adheres  closely  to  the  lens  in 
spite  of  all  the  atropine  that  can  be  borne,  and,  besides  the  blocking  of 
the  pupil  with  exudate,  sight  is  reduced  still  further  by  opacities  in 
the  vitreous  and  lens.  Where  glaucoma  ensues  an  early  operation 
for  its  relief  may  be  required ; in  these  cases  the  iris  commonly  bulges 
at  the  periphery,  and  a double  transfixion  of  it  with  a cataract  knife 
should  be  tried  before  resorting  to  an  iridectomy.  But,  except  in 
the  case  of  glaucoma,  no  operation  should  be  done  for  the  improve- 
ment of  sight  until  all  signs  of  active  infection  have  been  absent 
for  a year.  Even  then  the  results  of  operations  are  apt  to  be  dis- 
couraging. Good  light  sense  and  projection  are  retained  sinpi’s 
ingly  long  in  these  eyes,  and  to  a novice  the  task  of  restormg  “fight 
by  an  iridectomy  or  extraction  may  seem  simple  enough;  but  when 
an  iridectomy  is  attempted,  it  is  generally  found  that  only  the  anterior 
layers  of  the  iris  can  be  removed,  the  pigment  layer  remaining  to 
block  effectually  the  artificial  pupil.  If  the  lens  is  extracted,  the 
sight  generally  still  remains  poor,  on  account  of  extensive  vitreous 
opacities,  and  any  operative  interference  is  apt  to  produce  a marked 
reaction,  accompanied  by  the  production  of  txu  elate  which  occludes 
the  new  pupil,  so  that  repeated  subsequent  i 'ldotomies  or  excisions 
of  the  inflammatory  membranes  with  de  Vecker’s  scissors  have  to 
be  resorted  to.  All  these  repeated  attempts  should  be  made  at 
considerable  intervals,  and  in  a fair  proportion  of  cases  patience  will  be 
rewarded  by  a reasonable  amount  of  success. 

In  many  cases  no  chance  for  operative  interference  is  ever  given, 
the  inflammation  continuing  until  all  sight  is  lost,  while  it  some- 
times happens  that  in  addition  to  blindness  the  pain  becomes  so 
intolerable  that  enucleuticn  or  evisceration  of  the  second  eye  has  to 
be  performed. 

The  gloomy  picture  hitherto  presented  applies  to  the  severer  cases, 
and  these,  un  to  the  present  time,  constitute  a large  majority  of 
those  described:  but  it  is  evident  that  of  late  more  favorable  reports 
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are  being  received.  This  is  perhaps  due  less  to  improvements  in 
treatment  than  to  a more  widespread  knowledge  and  an  earlier 
detection  of  the  disease.  Moreover,  it  is  probable  that  mild  forms 
of  sympathetic  ophthalmia  are  much  more  common  than  formerly 
was  supposed.  I have  known  it  to  develop  and  run  its  course  in  two 
cataract  patients  with  so  little  congestion  or  subjective  disturbance  of 
any  kind  that,  as  the  sight  was  already  obscured  by  the  cataracts,  the 
patients  were  unaware  that  any  inflammation  had  occurred.  Where 
sympathetic  ophthalmia  has  occurred  after  enucleation  or  eviscer- 
ation, the  course  has  almost  invariably  been  mild  and  fair  or  perfect 
results  have  been  obtained.  The  same  is  true  to  some  extent  of  the 
cases  which  have  occurred  in  connection  with  ossification  of  the 
choroid. 

The  Treatment  of  Penetrating  Wounds  of  the  Eyeball.  Where 
a clean-cut  penetrating  wound  of  the  eye,  without  any  prolapse  of 
iris,  choroid,  or  vitreous  has  occurred  some  days  before  the  patient 
is  seen,  the  fate  of  the  eye,  as  far  as  the  infection  is  concerned,  is 
generally  decided  beforehand.  If  the  eyeball  shows  little  or  no  con- 
gestion, except  in  the  neighborhood  of  the  wound,  and  no  pain  is 
experienced,  it  is  generally  safe  to  conclude  that  infection  has  been 
escaped,  and  all  that  is  immediately  required,  unless  secondary  glau- 
coma is  present,  is  to  protect  the  eye,  preferably  with  some  form  of 
shield  bandage,  use  sufficient  atropine  to  keep  the  iris  from  adhering 
to  the  lens,  and  keep  the  patient  quiet.  Of  course,  if  a traumatic 
cataract  is  present,  it  may  be  extracted,  if  there  is  no  increase  in  the 
secretions;  but  if  there  is,  it  is  better  to  put  off  the  extraction  for  a 
week  or  so,  treating  the  lids  with  some  astringent  meanwhile. 

When,  however,  a fresh  penetrating  wound  is  seen,  the  treatment 
should  begin,  wherever  possible,  with  a thorough  irrigation  of  the 
conjunctival  sac  and  surface  of  the  glube  with  a sterilized  0.5  per 
cent,  solution  of  salt  or  some  other  sterile  non-irritating  solution. 
Then,  after  the  excision  of  any  prolapsed  iris  or  vitreous,  should  follow 
the  protection  of  the  wound  with  a conjunctival  flap;  for  it  should 
be  realized  that  nearly  every  ionjunctival  sac  contains  more  or  less 
pathogenic  germs  which  cannot  be  thoroughly  cleared  out  by  any 
measures,  chemical  or  mechanical,  which  it  is  safe  to  use;  and  while 
in  some  cases  of  infecvor  the  germs  may  be  present  on  the  offending 
substance  before  it  i caches  the  eye,  the  probability  is  that  in  nearly 
all  cases  the  germs  either  are  carried  in  from  the  surface  of  the  globe 
at  the  time  of  the  injury,  or  they  gain  entrance  from  the  conjunctival 
sac  after  the  injury  has  been  inflicted.  To  prevent  this  latter  con- 
tingency them  is  no  protection  equal  to  that  afforded  by  a conjunctival 
flap.  Where  the  wound  is  entirely  in  the  sclera  the  best  plan  is  to 
excise  a triangular  bit  of  conjunctiva  at  one  side  of  the  wound,  and 
draw  a triangular  flap  over  this  raw  surface  from  the  opposite  side 
o.  t ae  wound  by  one  or  more  sutures.  Where  the  wound  extends 
a short  way  into  the  cornea  the  simplest  plan  is  to  dissect  up  the 
conjunctiva  all  around  the  cornea  and  draw  it  over  the  whole  cornea 
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by  a purse-string  suture  tightly  tied.  A more  complicated  but  on 
some  accounts  better  plan — as  it  allows  the  physician  to  keep  a 
better  watch  of  the  condition  of  the  iris,  and  as  permitting  a better 
action  of  atropine — is  to  excise  a portion  of  the  conjunctiva  at  both 
sides  of  the  wound,  as  indicated  in  Fig.  209,  a,  and  to  draw  the  loosened 
conjunctiva  over  these  raw  surfaces  and  the  wound  at  the  same  time 
by  two  sutures,  or,  as  in  Fig.  209,  6,  by  a single  suture.  Where  the 
wound  involves  the  central  portions  of  the  cornea,  it  may  be  that 
the  purse-string  suture  will  offer  a sufficient  protection,  but  a more 
certain  plan  is  to  excise  a portion  of  the  conjunctiva  all  around  the 
opposite  half  of  the  cornea,  as  in  Fig.  209,  c,  and  bring  a conjunctival 
flap  from  above  clear  across  the  cornea.  It  may  be  questioned 
whether  the  use  of  a protecting  flap  is  necessary  in  the  case  of  clean- 
cut  wounds  of  the  cornea;  but  where  the  wound  is  irregular  or 
contains  iris  tissue  or  fragments  of  broken-down  lens  or  vitreous, 
there  can  be  no  doubt  about  its  advisability.  In  the  case  of  wounds 

Fig.  209. 

a b 


c 


The  shaded  areas  indicate  the  surface  from  which  the  conjunctiva  should  be  excised  ; U e do'  ted 
lines,  the  outlines  of  the  conjunctival  flaps.  A,  wound  to  be  covered  ; B,  C,  D,  points  where  sutures 
are  to  be  applied  in  drawing  the  flaps  into  position. 


that  are  not  above  suspicion  the  edges  should  be  touched  with  the 
galvanocautery  or  Paquelin  cautery,  or,  if  these  are  not  at  hand, 
with  a chemical  caustic,  such  as  carbolic  or  nitric  acid,  applied  with 
the  utmost  care  with  a very  finely  drawn-out  cotton  swab,  before 
drawing  over  the  flap.  To  be  logical,  one  should  use  the  same  line 
of  treatment  for  operative  wounds  where  dtrt  ous  is  lost  or  iris  tissue 
is  caught  in  the  wound.  And  it  is  certain  that  if  the  wounds  had 
been  protected  by  a conjunctival  flap  many  and  probably  all  of 
the  cases  of  sympathetic  ophthalmii  which  have  been  reported  after 
cataract  extraction  could  have  been  prevented.  The  small  conjunc- 
tival flap,  which  is  often  made  as  the  final  step  in  the  incision  for 
cataract  extraction  is  good  a.:  far  as  it  goes,  but  it  is  seldom  large 
enough  to  cover  fully  the  large  prolapses  which  sometimes  occur 
after  simple  extraction,  and  if  an  iridectomy  is  made  the  points 
at  which  the  iris  is  most  apt  to  be  entangled,  namely,  the  angles  of 
the  wound,  are  left  unprotected.  To  make  an  effective  flap  for 
protecting  an  ex ti action  or  iridectomy  wound,  the  conjunctiva  should 
be  slightly  raised  by  the  injection  under  it  of  a cocaine  solution  at 
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the  point  of  puncture  and  counter-puncture,  and  the  knife  entered  at 
some  distance  outside  of  the  cornea  and  passed  along  under  the  con- 
junctiva before  entering  the  anterior  chamber;  then  in  making  the 
counter-puncture  care  should  be  taken  to  pass  the  knife  along  beneath 
the  conjunctiva  as  far  as  possible  before  piercing  it.  In  cases  where 
prolapse  of  vitreous  is  expected,  two  sutures  should  be  put  in  at  the 
upper  part  of  the  conjunctival  wound,  and  drawn  well  out  of  the  way 
before  the  extraction  is  completed.  This,  it  seems  to  me,  is  the 
simplest  way  to  protect  completely  an  extraction  wound,  but  it  may 
be  that  to  prepare  a flap  above  the  cornea  and  bring  it  down  and  fix 
it  in  the  manner  indicated  in  Fig.  209,  a,  or  even  to  use.a  purse-string 
suture,  will  prove  to  be  better.  Some  such  form  of  extraction, 
although  too  complicated  to  become  popular  at  once,  is  certain,  after 
the  technique  is  mastered,  to  give  a better  guarantee  of  an  imme- 
diate good  result  and  of  safety  from  sympathetic  ophthalmia. 

After  protecting  the  wound  as  well  as  possible  from  infection,  a 
protective  bandage  (both  eyes  being  closed  for  at  least  a day  or  two 
in  severe  injuries),  rest,  and  atropine  are  all  that  will  be  required 
if  no  infection  has  taken  place.  It  may  be  questioned  whether  it 
is  not  best  to  apply  cold  in  some  form  during  the  first  twenty-four 
hours.  This  is  recommended  by  good  authorities,  but  the  difficulty 
of  applying  cold  in  any  efficient  way,  without  danger  of  disturbing 
and  infecting  the  wound,  is  such  that,  on  the  whole,  I believe  as  good 
results  will  be  obtained  without  it,  unless  decided  pain  indicates  that 
infection  has  taken  place,  in  which  case  the  continued  use  of  ice, 
preferably  with  a light  rubber  or  metal  coil  or  a small  ice-bag  fre- 
quently filled  with  small  bits  of  ice,  should  be  employed  until  the 
end  of  the  first  twenty-four  hours,  the  eye  being  protected  by  a pad 
of  absorbent  cotton  which  is  kept  wet  with  sublimate,  1:5000. 
Later  than  this  I prefer  the  use  of  ho*  applications  for  half  an  hour 
to  an  hour  three  or  four  times  a day  where  symptoms  of  infection 
continue. 

In  all  cases  where  infection  is  suspected  or  feared,  beside  the  use 
of  cold  or  heat  and  rest,  atropine  should  be  used  with  extra  liberality, 
10  to  15  drops  of  a 1 per  cent,  solution  being  instilled  and  allowed 
to  run  out  at  the  outer  angle  of  the  eye  two  or  three  times  a day, 
and  large  doses  of  sodium  salicylate  should  be  given.  Subconjunc- 
tival injections  of  1 to  3 drops  of  sublimate,  1:1000,  or  6 drops  of 
cyanide  of  mercury,  1:2000,  or  10  drops  of  sodium  chloride,  2 per 
cent.,  may  be  tried  every  second  or  third  day.  In  some  cases  their 
effect  is  astonishingly  good;  in  others,  for  no  apparent  reason,  they 
do  no  good,  or  even  do  harm.  Where  the  infection  is  superficial, 
as  in  some  cataract  wounds  or  injuries  of  the  cornea,  a thorough 
application  of  the  galvano  or  Paquelin  cautery  often  does  excellent 
service,  and  if  neither  of  these  is  available,  scraping,  followed  by  the 
application  of  tincture  of  iodine  or  nitric  or  carbolic  acid,  will  some- 
times be  as  effectual.  In  desperate  cases,  where  it  is  evident  that 
purulent  inflammation  of  the  vitreous  has  started,  the  endocular 
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use  of  the  cautery  has  been  reported  to  give  good  results;  the  tip 
of  the  galvanocautery  having  been  plunged  deeply  into  the  vitreous 
as  near  the  focus  of  infection  as  possible,  and  the  current  turned  on 
while  the  point  is  moved  slowly  about.  I have  had  no  experience 
with  this  method  of  treating  the  vitreous,  but  have  tried  it  in  the 
anterior  chamber  with  a bad  result.  If  it  is  tried  in  the  vitreous, 
the  wound  should  immediately  afterward  be  covered  with  a con- 
junctival flap.  In  treating  prolapses  of  the  iris  much  discrimination 
is  necessary  in  the  use  of  the  cautery.  Except  in  plainly  infected 
cases,  it  is  best  not  to  use  it  if  the  iris  can  either  be  replaced  or  seized 
with  the  forceps  and  cut  off.  Where  this  is  not  possible,  as  is  fre- 
quently the  case  with  a prolapse  of  more  than  a day's  standing,  or 
where  the  prolapse  is  apparently  infected,  it  may  be  used  if  the 
burnt  tissue  be  immediately  scraped  away  and  the  spot  well  covered 
with  a conjunctival  flap.  To  burn  a prolapse,  however,  without 
immediately  protecting  the  spot  from  secondary  infection  is,  I believe, 
distinctly  dangerous.  It  is  often  done  with  good  results,  but  evidence 
is  constantly  accumulating  to  show  that  it  has  a decided  tendency 
to  favor  the  occurrence  of  sympathetic  ophthalmia. 

Where  a small  prolapse  is  seen  several  days  after  the  occurrence 
of  the  injury,  and  is  evidently  not  infected,  it  is  perhaps  best  to  leave 
it  entirely  alone,  unless  the  physician  has  had  experience  in  the 
technique  of  applying  conjunctival  flaps.  The  majority  of  such 
prolapses  subside  quietly  and  are  abundantly  protected  by  new- 
formed  connective  tissue  if  the  eye  is  kept  quiet  and  hot  applications 
are  used. 

The  ideal  treatment  of  iris  prolapse  is  to  replace  it,  and  thus  restore 
the  form  of  the  pupil ; but  this  seldom  is  done  after  accidenta1  wounds, 
partly  because  adhesions  form  so  quickly  that  unless  the  eye  is  seen 
soon  after  the  injury  the  iris  cannot  be  replaced  without  tearing  it; 
and  partly  because  when  replacement  is  attempted  ii  the  ordinary 
way,  the  replaced  iris  is  immediately  pushed  back  into  the  wound 
as  the  instrument  used  is  withdrawn.  A plan  which  gives  better 
results,  especially  if  the  wound  has  not  reached  the  extreme  periphery 
of  the  cornea,  is  to  make  a new  incision  at  some  distance  from  the 
wound  just  sufficiently  large  to  permit  toe  introduction  of  a small 
spatula,  with  which  the  prolapsed  iris  can  be  drawn  back  into  the 
anterior  chamber,  and  as  the  first  woumi  cioses  behind  it  there  is  little 
tendency  for  it  to  be  again  expelled. 

Management  of  Foreign  Bodies  in  the  Eye.  Where  a foreign  body 
has  entered  the  eye  the  management  depends  upon  the  presence  or 
absence  of  infection  and  the  nature  of  the  foreign  body.  Where  a piece 
of  iron  or  steel  has  entered  its  removal  should  be  attempted  at  once 
with  some  form  of  magnet.  Other  foreign  bodies,  except  when 
in  the  lens,  must  naturally  be  removed  with  forceps  or  hooks,  if  they 
are  to  be  removed  at  all.  Sometimes  their  removal  is  not  necessary. 
Pieces  of  wood,  stone,  lead,  copper,  and  glass  may  be  tolerated  in 
the  eye  for  an  indefinite  period  if  no  infection  has  occurred  at  the 
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time  of  their  entrance.  So  that  while,  in  a recent  case,  if  such  a foreign 
body  can  easily  be  seen  and  reached,  its  removal  should  be  attempted 
at  once,  it  should  be  left  alone  if  this  is  not  the  case  and  there  are  no 
symptoms  of  infection  nor  other  serious  disturbance,  since  the  attempt 
to  remove  it  in  the  dark,  even  with  the  best  localization  possible  by 
means  of  the  .r-rays,  is  more  likely  to  do  harm  than  good  unless  it 
be  very  large.  The  amount  of  toleration  which  the  eye  exhibits 
toward  aseptic  foreign  bodies  which  have  entered  it  without  carrying 
in  or  being  followed  by  germs  from  the  conjunctival  sac,  depends 
primarily  upon  the  amount  of  chemical  reaction  which  occurs  between 
them  and  the  fluids  of  the  tissues ; secondarily,  upon  their  becoming 
firmly  fixed  by  fibrous  exudate.  Copper,  iron,  zinc,  and  lead  all  are 
acted  upon  so  as  to  produce  irritating  compounds,  copper  most 
markedly,  lead  least  of  all.  Copper  is  the  only  one  which,  without 
the  aid  of  germs,  will  produce  a purulent  exudate.  It  also  has  the 
property  of  producing  a softening  effect  upon  the  tissues,  so  that  in 
quite  a number  of  cases,  if  left  to  itself,  it  will  work  its  way  to  the 
surface  and  be  expelled  spontaneously.  This  has  been  known  to 
happen  after  a lapse  of  twenty-one  years.  In  rare  cases  a bit  of 
copper  is  encapsulated  so  completely  that  its  chemical  action  appears 
to  cease  and  it  causes  no  disturbance  after  the  first  reaction  has  sub- 
sided. It  is  important  to  remember  the  chemical  activity  of  copper 
in  the  eye,  because  a moderate  amount  of  reaction,  even  when  long 
continued,  need  not  cause  the  same  anxiety  that  would  be  natural 
if  the  inflammation  were  thought  to  be  the  result  of  mfection.  The 
copper  may  be  merely  working  its  way  to  the  sur/ac  e.  It  is  not  best, 
however,  for  the  physician  to  assume  all  the  responsibility  of  advising 
against  operation  in  such  cases.  Whenevr  r the  reaction  is  prolonged, 
there  is  a possibility  of  sympathetic  ophthalmia,  which  can  only  be 
obviated  by  removing  the  foreign  boc*\  or  sacrificing  the  eye;  and 
if  it  is  decided  to  attempt  to  remove  a bit  of  copper  which  has  been 
in  the  eye  for  some  time,  it  should  be  remembered  that,  however 
accurately  it  may  have  been  loaat  ed  at  the  time  of  its  entrance,  it  is 
liable  to  be  found  at  some  distance  from  this  point  later  on.  Lead 
occurs  in  the  eye  chiefly  exclusively  as  the  result  of  shot  wounds. 
These  wounds  are  peculiar  in  that  in  spite  of  being  so  small,  unless 
the  shot  is  going  with  sufficient  rapidity  to  go  clear  through  the  globe, 
the  impact  of  the  bhint  though  small  object  is  sufficient  to  produce 
so  much  internal  disturbance  in  the  form  of  hemorrhages  or  detach- 
ments that  the  eight  is  lost  or  very  seriously  injured,  even  when  no 
sepsis  occurs.  Although  the  wounds  produced  by  shot  in  the  external 
tunics  are  so  small  that  they  are  generally  left  to  themselves,  fresh 
ones  should,  I believe,  always  be  protected  by  a conjunctival  flap 
drcwu  iar  beyond  their  limits  in  the  manner  previously  indicated. 
This  having  been  done,  I consider  that  any  attempt  to  remove  the 
L'hot,  unless  it  can  actually  be  seen  with  the  naked  eye,  is  a mistake. 
J aseptic,  as  they  usually  are,  shot  will  generally  become  encapsulated 
and  cause  no  subsequent  irritation.  These  injuries  generally  cause 
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so  much  tissue  disturbance  that  the  congestion  is  apt  to  be  prolonged, 
even  where  there  is  no  sepsis,  and  if,  some  days  after  the  injury,  the 
anterior  chamber  fills  up  with  blood  from  the  vitreous,  it  is  well  to 
perform  a paracentesis,  even  repeatedly,  to  help  clear  up  the  vitreous. 
Shots  that  go  clear  through  the  ball  into  the  orbit  need  no  attention, 
though  they  sometimes  cause  complete  blindness  by  injuring  the 
optic  nerve,  either  directly  or  by  the  pressure  from  the  hemorrhage 
which  they  cause.  But  even  where  the  sight  is  immediately  and 
completely  lost  after  such  an  injury,  an  absolutely  bad  prognosis 
should  not  be  given  at  once,  because  at  least  one  such  case  is  on 
record  where  the  sight  returned,  probably  because  the  blindness  was 
due  to  pressure  from  hemorrhage  rather  than  from  direct  injury  to 
the  nerve. 

The  diagnosis  of  shot  in  the  eye  should  not  be  made  too  hastily. 
Occasionally  a shot  strikes  the  eye  obliquely,  causing  a hemorrhage 
at  the  margin  of  the  cornea  and  a rupture  of  the  iris  with  hemorrhage 
in  the  anterior  chamber  without  any  penetration,  although  at  first 
glance  the  physician  is  inclined  to  believe  that  the  shot  must  be  in 
the  eye. 

Other  metals,  except  iron  or  steel,  which  will  be  discussed  later  on, 
occur  so  rarely  in  the  eye  that  they  hardly  need  to  be  considered. 

Small  pieces  of  wood,  glass,  stone,  and  other  indifferent  substances 
are  often  retained  indefinitely  without  disturbance,  if  they  remain 
immovable;  but  if  free,  they  often  cause  a mechanical  irritation 
which  necessitates  an  attempt  to  remove  them.  In  deciding  upon 
such  an  operation  the  danger  of  mistaking,  for  the  foreign  body,  a b;  o 
of  exudate  on  the  iris  or  lens  should  be  kept  in  mind.  Such  a mistake 
is  sometimes  impossible  to  avoid,  and  it  is  probably  often  ma<fe. 

A small  foreign  body  in  the  lens  without  infection  is  best  left  alone 
until  the  lens  is  opaque,  when  it  will  generally  come  out  with  the 
latter,  especially  if  a broad  incision  and  an  iridectomy  ar*  made. 

Eyelashes  are  not  infrequently  carried  into  the  anterior  chamber 
or  vitreous;  they  often  cause  no  disturbance;  but  in  che  anterior 
chamber  they  apparently  sometimes  form  the  starting  point  for  cysts, 
and  in  other  cases  the  germs  which  commonly  adhere  to  their  roots 
may  cause  the  loss  of  the  eye. 

The  Management  of  Bits  of  Iron  or  Steel  in  the  Eye.  The  manage- 
ment of  bits  of  iron  or  steel  in  the  eye  deserves  to  be  considered 
separately,  both  on  account  of  their  behavior  in  the  eye  and  from  the 
fact  that,  unlike  all  other  foreign  bodies,  a large  proportion  of  them 
can  be  removed  without  their  being  visible  beforehand.  Although  a 
fair  proportion  of  them,  if  aseptic,  become  encapsulated  with  so  little 
reaction  that  the  impression  is  given  that  no  further  harm  will  be 
done  by  their  presence,  sooner  or  later  they  almost  invariably 
become  decomposed,  and  the  soluble  compounds  thus  formed  are 
disseminated  through  che  eye,  producing  the  condition  known  as 
siderosis,  which  siovvs  itself  externally  by  a brown  discoloration  of 
the  iris.  Eyes  in  which  this  decomposition  has  gone  on  for  any 
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length  of  time  almost  always,  through  disorganization  of  the  vitreous 
and  detachment  of  the  retina,  lose  any  sight  that  may  have  been  left, 
and  frequently  become  so  irritable  that  they  have  to  be  sacrificed, 
both  for  the  sake  of  comfort  and  to  avoid  the  danger  of  sympathetic 
ophthalmia.  As  an  example  of  the  danger  of  allowing  apparently 
innocent  bits  of  steel  to  remain  unmolested,  the  following  history 
may  be  useful.  A young  man  was  brought  to  me  shortly  after  a bit 
of  steel,  not  larger  than  half  the  head  of  a pin,  had  penetrated  his 
cornea,  iris,  lens,  and  retina,  and  remained  so  firmly  fixed  in  the 
choroid  and  sclera  that  the  giant  magnet  did  not  move  it.  As  the 
opacity  first  present  in  the  lens  cleared  up  almost  entirely  and  the 
vision  became  nearly  normal,  the  eye  being  entirely  free  from  irrita- 
tion, it  was  thought  best  not  to  interfere  with  it.  This  condition 
remained  unchanged  for  several  months,  when  the  sight  began  to 
diminish  and  the  eye  became  irritable.  He  did  not  return,  howrever, 
for  nearly  a year,  and  when  he  did  the  sight  was  entirely  gone  and 
the  eye  was  so  troublesome  that  it  was  removed.  As  illustrating 
what  may  be  accomplished  in  a similar  case  by  bolder  methods, 
there  is  one  case  on  record  in  which  the  operator  with  the  aid  of  the 
ophthalmoscope  loosened  the  bit  of  steel  with  a discission  needle 
passed  through  the  sclera,  and  then  with  the  giant  magnet  drew  it 
into  the  anterior  chamber,  whence  it  was  easily  removed. 

Where  the  piece  of  metal  is  very  small  it  sometimes  becomes  entirely 
disintegrated  before  the  sight  is  wholly  destroyed,  and  in  this  event 
the  siderosis  sometimes  clears  up,  and  useful  sight  is  retained  without 
any  operation  to  remove  the  metal. 

In  the  management  of  these  cases  the  physician  should  have  at 
least  one  electro-magnet,  for  while  a certain  number  of  bits  of  steel 
can  be  removed  from  the  anterior  chamber,  the  iris,  lens,  or  even  the 
vitreous,  without  a magnet,  the  attempt  to  do  this  will  not  infre- 
quently fail,  and  many  an  eye  which  might  otherwise  be  saved  will 
be  lost  if  no  efficient  magnet  is  at  hand.  If  a man  can  have  but  one 
magnet,  perhaps  the  most  generally  available  form  is  the  small  one 
of  Hirschberg  or  Sweet;  each  lias  several  interchangeable  points, 
of  which  the  larger  and  blunter  ones  should  be  tried  if  there  is  any 
probability  of  the  metal  being  near  the  surface,  while  the  smaller 
ones  can  be  passed  imo  the  anterior  chamber  or  deep  into  the  vitre- 
ous. 

This  can  be  operated  with  various  kinds  of  galvanic  batteries,  but 
it  is  much  more  satisfactory  to  have  it  connected  with  some  power 
current,  and  if  this  is  to  be  done,  the  voltage  of  the  current  to  be 
used  should  be  mentioned  in  ordering  the  magnet.  But  to  do  the 
most  satisfactory  work  in  this  line,  it  is  necessary  to  have,  in  addition, 
a giant  magnet  or  Haab  magnet,  a sideroscope,  and  access  to  an  x-ray 
apparatus.  (Fig.  210.)  The  Haab  magnet  may  either  be  mounted  on 
a stand  or  suspended  from  the  ceiling,  and  while  it  can  be  operated 
with  storage  or  other  batteries,  the  connection  with  a power  current 
is  much  more  desirable.  Some  apparatus  for  turning  on  the  current 
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gradually  is  an  advantage,  but  much  the  same  effect  can  be  pro- 
duced by  gradually  bringing  the  eye  toward  the  magnet. 

The  sideroscope  of  Asmus  consists  essentially  of  a magnetic  needle 
suspended  by  a fibre  of  silk.  By  attaching  a mirror  to  this  and  view- 
ing through  a telescope  the  image  of  a light  reflected  from  it  upon  a 
scale  at  some  distance,  extremely  delicate  results  can  be  obtained 
in  detecting  and  locating  bits  of  steel  or  iron  within  the  eye;  but  as 
the  instrument  requires  a special  room,  at  some  distance  from  any 


Fig.  210. 


Haab’s  magnet 


trolley  wires,  it  will  probably  be  used  chiefly  in  eye  hospitals.  Hirsch- 
berg  has  had  a less  complicated  lorm  of  the  sideroscope  made  which 
may  come  into  more  genera!  lse. 

The  use  of  the  x-rays  ir  discovering  and  locating  foreign  bodies 
in  the  eye  is,  of  com  se  not  confined  to  bits  of  iron  or  steel.  Their 
chief  use  is  in  determining  whether  or  not  any  foreign  body  is  present. 
If  the  body  is  large,  it  can  frequently  be  seen  with  the  fluoroscope,  in 
which  case  a fair  .dea  of  its  location  can  sometimes  be  had  by  having 
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the  patient  move  his  eye  in  different  directions  during  the  observa- 
tion, the  shadow  moving  with  the  cornea,  if  the  foreign  body  is  in 

Fig.  211. 


Hirschberg's  sideroscope. 
Fig.  212. 


Sweet’s  apparatus  for  localizing  foreign  bodies  in  the  eye. 

the  anterior  half  of  the  globe;  against  it,  if  it  is  in  the  posterior  half. 
Much  more  accurate  work  may  be  done  by  the  method  of  Sweet, 
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which,  in  brief,  consists  in  taking  two  or  more  radiographs  with  the 
tube  in  different  positions,  the  plates  being  held  in  exactly  the  same 
position  by  a special  arrangement  which  at  the  same  time  holds  two 
metal  points  against  the  lids  at  a definite  distance  from  the  plate. 
By  comparing  the  positions  of  the  shadows  of  these  points  and  of  the 
foreign  body  on  the  radiograph,  and  carefully  plotting  the  paths 
which  the  x-rays  must  take  from  the  tube  to  the  plate  through  a. 
circle  representing  the  position  of  the  eyeball,  the  location  of  the 
foreign  body  can  be  determined  with  considerable  accuracy  by  the 
point  at  which  the  paths  of  the  rays  through  it  intersect  within  this 
circle.  If  Sweet’s  apparatus  is  not  at  hand,  fair  results  can  be  obtained 
by  fastening  three  shot  with  collodion  and  cotton  on  the  outside  of 


Fig.  213. 


Radiograph  showing  piece  of  steel  in  the  eye.  isweet.) 


the  closed  lids,  above,  opposite,  and  bdow  the  cornea.  It  is  also 
well  to  do  this  before  fluoroscopic  examinations.  As  an  example 
of  the  advantage  of  having  different  methods  of  diagnosis  at  one’s 
disposal,  a recently  reported  case  may  be  cited  in  which,  after  an 
injury,  a piece  of  steel  in  the  eye  was  suspected,  and  where  the  sidero- 
scope  plainly  indicated  the  existence  of  such  a fragment;  the  giant 
magnet,  however,  produced  no  effect  upon  it,  and  the  x-rays  showed 
the  presence  of  a rather  large  foreign  body  in  the  tissues  under  the 
edge  of  the  orbit.  Ti  e oatient  then  remembered  that  he  had  been 
struck  in  this  local  by  with  a piece  of  steel  a long  time  before. 

Assuming  then  that  the  physician  has  all  the  desirable  instruments 
for  the  locating  and  extracting  of  bits  of  iron  and  steel  in  the  eye,  it 
should  be  realized,  in  deciding  what  cases  it  is  worth  while  to  use 
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them  on,  that  many  patients  have  foreign  bodies  in  the  eye  without 
knowing  it.  Many  cases  of  otherwise  unexplained  one-sided  cataract 
in  young  people  are  due  to  unobserved  or  long-forgotten  injuries 
which  sometimes  have  included  the  entrance  of  foreign  bodies.  The 
existence  of  siderosis  will,  of  course,  always  suggest  the  presence  of 
iron  or  steel,  even  where  there  is  no  history  of  an  injury.  In  many 
fresh  cases  the  history  given  by  the  patient  frequently  seems  directly 
to  contraindicate  the  entrance  of  a foreign  body  into  the  eye.  The 
patient  with  only  a small  or  an  unrecognizable  wound  or  scar  feels 
sure  that  he  must  have  been  struck  by  a large  piece  of  metal,  because 
the  blow  almost  knocked  him  down,  or  he  states  positively  that  he 
heard  the  piece  drop  after  striking  the  eye,  and  yet  the  examination 
or  the  subsequent  history  will  often  show  that  no  weight  should 
be  placed  upon  such  statements,  anti  that  in  all  cases  of  injury  from 
flying  metal  or  from  unknown  causes  in  the  proximity  of  men 
engaged  in  metal  or  stone  working  a foreign  body  in  the  eye  should 
be  suspected  and  carefully  searched  for. 

Some  such  routine  as  the  following  is  desirable  when  examining 
these  patients:  after  testing  the  vision  the  eye  should  be  examined 
by  oblique  light,  and,  if  the  fundus  can  be  seen,  with  the  ophthalmo- 
scope. If  this  is  not  possible,  a careful  test  of  the  field  o.c  vision 
will  sometimes  give  a clue.  If  the  suspected  foreign  be  ly  is  evi- 
dently small  and  has  entered  through  the  cornea  or  close  to  it,  or 
if  a cataract  is  present  or  is  evidently  forming,  no  time  need  be 
lost  in  a fresh  case  with  the  use  of  the  x-rays  01  the  sideroscope; 
but  the  patient,  after  cocainization,  should  be  placed  opposite  the 
giant  magnet,  the  direction  of  the  wound  canal  corresponding  as 
nearly  as  possible  with  the  long  axis  of  the  magnet.  The  current 
is  then  gradually  turned  on  or  the  patiert’s  head  is  gradually  brought 
toward  the  magnet,  the  eye  being  kept  brightly  illuminated  and 
very  closely  observed  meanwhile.  The  first  sign  of  the  existence 
of  a piece  of  steel  will  frequently  then  be  given  by  the  occurrence 
of  pain,  or  the  iris  will  begin  to  bi  'ge  in  some  part  of  its  periphery, 
when  the  relation  of  the  eye  fo  the  axis  of  the  magnet  should  be’ 
changed  so  as  to  favor  drawing  the  piece  of  metal  through  the  pupil 
into  the  anterior  chamber  rather  than  directly  through  the  iris  root. 
In  other  cases  the  first  sign  is  the  sudden  appearance  of  the  frag- 
ment on  the  posterior  surface  of  the  cornea,  whence,  as  the  current 
is  turned  off,  it  generally  falls  to  the  bottom  of  the  anterior  chamber, 
from  which  it  can  easily  be  removed  through  a peripheral  incision 
with  the  small  magnet,  or,  in  some  cases,  with  the  large  one.  (The 
small  magnet  and  the  necessary  instruments  should  previously  be 
sterilized  and  kept  ready  at  hand.)  If  the  steel  cannot  be  drawn 
into  fim  ; nterior  chamber,  nor  through  the  root  of  the  iris,  it  may 
be  necessary  to  excise  a piece  of  the  latter,  in  order  to  complete 
+ha  extraction. 

Where  there  is  a fresh  scleral  wound,  or  where  there  is  a chance 
of  preserving  the  lens  clear,  it  is  best  to  attempt  the  extraction 
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through  the  reopened  wound,  which  should  be  enlarged  at  one  end 
by  a short  incision  at  right  angles  to  its  main  direction.  In  some 
such  cases  the  steel  shoots  out  through  the  wound  to  the  large  magnet 
before  the  latter  touches  the  eye;  in  others  the  sclera  in  the  neigh- 
borhood of  the  wound  may  be  seen  to  bulge,  but  the  extraction  cannot 
be  completed  without  introducing  the  tip  of  the  small  magnet  for  a 
short  distance.  In  all  cases  where  the  extraction  is  attempted  through 
a scleral  wound,  the  greater  danger  of  infection  should  be  kept  in  mind, 
and  beside  the  ordinary  precautions  the  wound  should  be  thoroughly 
protected  by  a conjunctival  flap.  Where,  in  using  either  the  large 
or  small  magnet,  a gradual  approach  to  the  eye  or  to  the  suspected 
location  of  the  foreign  body  fails  to  remove  it,  the  current  should 
be  turned  off  and  on  quickly  several  times,  in  the  hope  that  the 
sudden  jerks  thus  produced  may  loosen  it. 

Where  the  bit  of  metal  is  probably  large — i.  e.,  if  the  external 
wound  is  three-sixteenths  of  an  inch  long — it  is  perhaps  best  not  to 
use  the  large  magnet  at  first,  since  the  forcible  tearing  out  of  such  a 
fragment  has  in  some  cases  caused  the  loss  of  an  eye  which  might  other- 
wise have  been  saved.  In  these  cases  and  in  others  where  the  large 
magnet  produces  no  result,  the  metal  should  be  located  as  accurately 
as  possible,  and  if  it  is  supposed  to  be  in  the  vitreous  an  angular  con- 
junctival flap  should  be  dissected  up,  using  the  wound  for  part  of  it  if 
this  is  suitably  located,  and  one  of  the  blunt  tips  of  the  small  magnet 
introduced  a short  way  between  its  lips.  If  several  closures  of  the  cir- 
cuit produce  no  result,  a longer  tip  should  be  introduced  as  near  as 
possible  to  the  supposed  location  of  the  metal ; and  if  this  attempt  fell, 
the  tip  should  be  moved  slightly  in  different  directions,  ard  the 
opening  and  closing  tried  again  before  it  is  withdrawn.  Often  a 
click  caused  by  the  metal  coming  into  contact  with  the  magnet  is 
heard  on  closing  the  circuit.  If  it  is  decided  to  move  the  point  to 
an  entirely  different  part  of  the  vitreous,  it  is  best  to  withdraw  it 
and  pass  it  in  straight  to  the  desired  point,  in  order  to  avoid  as 
much  as  possible  disorganization  of  the  vitreous.  Tf  three  or  four 
introductions  fail  to  bring  forth  the  metal,  it  is  test  to  desist,  and, 
after  covering  the  wound  with  the  conjunctiva,  wait  for  further 
developments.  Sometimes  a bit  of  steel  that  eludes  the  first  attempt 
can  be  better  located  and  removed  afte^  the  clearing  up  or  extraction 
of  an  opaque  lens.  In  other  cases  the  signs  of  infection  become  so 
evident  that  evisceration  is  called  for. 

Where  a piece  of  steel  is  known  to  be  in  the  opaque  lens,  it  may 
be  questioned  whether  it  is  better  to  extract  the  latter  first,  with  the 
expectation  that  the  steel  will  come  out  with  it,  or  to  draw  the  metal 
into  the  anterior  chambei  with  the  magnet,  and  remove  it  before  ex- 
tracting the  lens.  The  fust  manoeuvre  has  always  succeeded  in  the 
cases  in  which  I have  known  it  to  be  tried;  but  if  for  any  reason  in 
extracting  the  lens  there  should  be  a prolapse  of  vitreous  before  the 
metal  were  expelled,  the  necessity  of  then  introducing  the  magnet 
would  certainiv  involve  more  danger  than  the  other  plan. 
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Evisceration,  Enucleation,  and  Opticociliary  Neurectomy.  These 
are  the  operations  most  commonly  employed  as  prophylactics  and 
to  some  extent  as  treatment  for  sympathetic  ophthalmia. 

Evisceration  or  Exenteration,  as  originally  described,  consists 
in  dissecting  back  the  conjunctiva  for  a short  distance  all  around  the 
cornea,  making  a small  incision  through  the  sclera  about  one-eighth 
of  an  inch  outside  of  the  former;  then,  with  blunt-pointed  scissors, 
which  should  be  kept  between  the  sclera  and  choroid,  completing  the 
excision  of  the  cornea,  including  a narrow  ring  of  sclera;  then,  with  a 
narrow  blunt  spatula  loosening  the  connections  between  the  sclera  and 
the  choroid;  then,  with  a broad,  flat,  sharp-edged  spoon  severing  the 
connections  between  the  choroid  and  the  optic  nerve,  and  by  pushing 
with  the  spoon  from  behind  and  pulling  with  a forceps  from  in  front, 
removing  in  one  piece  choroid,  retina,  vitreous,  lens,  iris,  and  cornea. 
Any  bits  of  choroid  or  retina  which  may  have  escaped  this  process 
are  then  scraped  out,  and,  after  irrigating  the  cavity,  the  conjunctiva 
is  drawn  together  over  the  opening  with  a purse-string  suture. 
(Fig.  214.)  For  obtaining  pathological  specimens  this  method  is 


Fig.  214.  Fig.  215. 


Fig.  214.— Stump  after  evisceration,  (de  Vl°ker.) 
Fig.  215.— Mules’  vitreous  sphere0. 


undoubtedly  the  best,  but  it  is  followed  often  by  quite  an  extreme 
reaction  with  long-continued  pain.  For  the  comfort  of  the  patient 
strictly  simple  evisceration — i.  without  excising  the  cornea — is 
much  superior.  This  is  don°  ' >y  making  an  incision  clear  across  the 
cornea,  extending  for  a shot  ,"  distance  into  the  sclera  on  either  side, 
utilizing  any  extensive  corneal  wound  which  may  be  present.  Through 
this  the  entire  contents  o.  the  globe  are  scraped  out  with  an  evis- 
ceration spoon,  especial  attention  being  paid  to  the  ciliary  region 
and  to  the  posterior  part  of  the  cavity,  where,  otherwise,  fragments 
of  choroid  or  retina  are  apt  to  be  retained.  The  cavity  is  they  filled 
with  peroxide  of  hydrogen,  and  after  this  has  mostly  boiled  out 
the  size  of  the  cavity  is  reduced  by  pushing  in  the  front  of  the  globe 
about  half-way  toward  the  posterior  wall;  iodoform  or  something 
similar ’s  dusted  freely  onto  the  surface,  some  of  it  entering  the  cavity ; 
a bit  oi  gauze  is  pressed  against  the  semicollapsed  ball,  the  lids 
aliov  ed  to  close  over  it,  and  a firm  bandage  applied.  The  gauze 
should  be  removed  on  the  second  day,  when,  if  there  has  been  no  pain, 
the  first  dressing  should  be  made,  and,  if  any  considerable  pain  occurs, 
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hot  applications  for  half  an  hour  from  one  to  three  times  a day, 
continued  for  three  or  four  days,  will  control  it.  The  reaction  fol- 
lowing this  operation  is  comparatively  slight,  and  the  cosmetic  result 
is  much  better  than  where  the  cornea  is  excised.  Where,  as  is  the 
case  with  most  subjects  under  forty  years  of  age,  the  question  of 
the  after-appearance  is  of  much  importance,  Mules’  operation  or 
some  modification  of  it  should  be  employed.  The  essence  of  this 
operation  consists  in  adding  to  the  evisceration  the  introduction  of 
a glass  ball  into  the  scleral  cavity.  As  originally  performed,  the 
cornea  with  a triangle  of  sclera  at  either  side  of  it  is  excised  by  two 
curved  incisions,  the  contents  of  the  globe  scooped  out,  a hollow 
glass  ball  introduced  (Fig.  215  and  216),  preferably  with  the  aid  of 


Fig.  216. 


Introducer  for  Mules’  spheres. 


Mules’  injector,  the  elliptical  opening  closed  by  catgut  sutures,  and 
over  this  the  conjunctiva  is  brought  together  by  silk  sutures,  so 
arranged  that  the  line  of  union  is  at  right  angles  to  the  scleral  wound. 
This,  on  the  average,  gives  an  even  better  stump  for  an  artificial  eye 
than  the  simple  evisceration.  Its  main  drawback  is  that  as  the 
cavity  contracts  the  sclera  is  sometimes  so  tightly  stretched  over 
the  enclosed  ball,  before  union  of  the  wound  is  complete,  ihjt 
the  latter  reopens  and  the  ball  is  extruded,  sometimes  months  after 
the  operation.  Something  may  be  done  to  lessen  the  dangtr  of  this 
by  uniting  the  scleral  wound  with  a continuous  silk  suture  and 
drawing  the  conjunctiva  from  above  down  at  least  force-sixteenths 
of  an  inch  below  the  scleral  wound,  where  it  is  anc  hored  by  stitches 
passing  through  the  episcleral  tissue.. 

More  time  is  given  for  a firm  union  of  the  wound  if,  instead  of 
excising  the  cornea,  the  latter  is  left  intact,  ar.d  after  dissecting  up 
the  conjunctiva  around  and  for  some  distance  back  of  it,  the  contents 
of  the  globe  are  removed  through  an  angular  scleral  incision,  one  arm 
of  which  should  be  about  three-quarters  of  an  inch  long,  running 
back  along  the  border  of  the  superior  rectus  muscle,  the  other  from 
one-quarter  to  one-half  inch  long,  parallel  to  the  border  of  the 
cornea,  three-sixteenths  of  an  inch  back  of  it.  This  wound  should 
be  held  widely  open  with  hocks  while  the  evisceration  is  being  com- 
pleted, and  should  be  eios^d  with  a single  silk  suture  at  the  angle, 
the  conjunctiva  bemg  Mum  drawn  over  the  cornea  by  a purse-string 
suture.  It  is  more  d;fficult  to  eviscerate  the  eye  thoroughly  through 
such  an  incision  oui  it  gives  a better  stump,  and  if  the  glass  ball 
should  ever  be  extruded  from  the  scleral  cavity  after  it,  which  I 
have  neve.'  known  to  happen,  it  would  still  lie  beneath  the  conjunctiva, 


412 


THE  EYE. 


where  it  would  probably  remain.  Where  this  operation  is  done,  a 
large  part  of  the  cornea  is  absorbed  gradually,  that  which  is  finally 
left  being  flat,  insensitive,  and  causing  no  interference  with  wearing 
a glass  eye.  In  selecting  a ball  for  this  operation,  one  of  not  more 
than  half  of  the  diameter  of  the  eye  should  be  taken,  and  if  the  cornea 
is  excised  a still  smaller  one  is  desirable. 

In  place  of  glass  balls,  balls  of  silver,  with  or  without  gold  plating; 
aluminum,  bone,  catgut,  sponge,  and  silk  have  been  used.  Some  of 
the  balls  have  been  fenestrated  or  made  of  filigree,  to  catch  the 
granulation  tissue,  and  thus  aid  in  preventing  their  extrusion.  Prob- 
ably none  of  these  substances  has  any  advantage  over  the  glass  if 


Fig.  217. 


Luer’s  eye  speculum. 


Fig.  218. 


Fox’s  fixation  forceps. 
Fig.  219. 


the  latter  is  introduced  properly,  and  some  of  them  are  distinctly 
inferior  to  it. 

Enucleation  or  shelling  the  eyeball  out  of  its  capsule  is  performed 
by  dissecting  back  the  conjunctiva  around  the  cornea,  cutting  off 
each  of  the  recti  muscles  in  turn  by  means  of  a strabismus  hook  and 
blunt-poii  ted  scissors,  keeping  the  points  close  to  the  globe;  then, 
after  removing  the  speculum,  dislocating  the  eyeball  forward  by 
pressing  back  on  the  lids  above  and  below,  thus  making  the  optic 
nm  ve  tense ; then  passing  strong  blunt-pointed  curved  scissors  back 
aVig  the  outer  side  of  the  globe  until  the  nerve  is  plainly  felt,  and 
cutting  the  latter  lar  back  if  there  is  any  suspicion  of  malignant  dis- 
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ease,  or  if  sympathetic  ophthalmia  is  present,  and  detaching  the 
oblique  muscles  as  the  ball  is  drawn  forward.  A pad  of  wet  gauze 
or  cotton  is  then  pressed  against  the  lids,  to  check  the  bleeding, 
iodoform  is  dusted  in  freely,  and  the  eyelids  closed  with  rather  a 
tight  bandage,  plenty  of  cotton  being  used  beneath  it.  Many  oper- 
ators close  the  conjunctival  wound  with  a stitch  or  two,  but  I have 
never  found  this  necessary  nor  advantageous.  In  cutting  the  rectus 
tendons,  sufficient  of  the  external  one  should  be  left  attached  to  the 
globe  to  afford  a point  of  attachment  for  fixation  forceps.  Where 
the  operation  has  been  preceded  by  long-continued  or  severe  inflam- 
mation, Tenon’s  space  is  sometimes  so  nearly  obliterated  that  the 
globe  has  to  be  dissected  out  slowly,  great  care  being  necessary  to 
avoid  perforating  it. 

To  obtain  the  best  possible  stump  after  enucleation,  each  of  the 
rectus  muscles  should  be  secured  by  a catgut  suture  as  the  tendon 
is  divided,  and,  after  introducing  a glass  ball  into  the  cavity  left  by 


Fig.  220. 


Fig.  221. 


Strabismus  hook. 


the  globe,  the  muscles  should  be  united  in  pairs  over  its  surface, 
the  conjunctiva  being  brought  together  ovei  them  and  united  to 
them  by  silk  sutures.  Enclosing  the  ball  in  a thin  layer  of  sterilized 
sponge  probably  favors  its  retention.  I have  had  no  experience  wuth 
this  operation,  and  it  is  too  soon  to  say  how  well  the  glass  ball  is 
retained  and  tolerated  after  it.  If  retained,  it  certainly  will  give  a 
much  better  result  than  can  be  obtained  without  it.  Even  wdiere  an 
eye  has  been  enucleated  for  some  time,  the  attempt  to  introduce  a 
glass  ball  into  the  orbital  tissues  is  justifiable,  and  has  given,  it  is 
claimed,  excellent  results. 

Opticociliary  Neurectomy.  This  operation,  which  practically  has 
superseded  the  previously  proposed  neurotomy  or  simple,  division  of 
the  nerves,  consists  in  making  a three-quarters  inch  vertical  incision 
through  the  conijnctiva,  over  the  insertion  of  the  external  rectus, 
dividing  the  tendon  of  the  latter  so  as  to  leave  a stump  one- 
sixteenth  of  an  inch  long  attached  to  the  sclera,  securing  the 
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long  end  with  a suture  which  is  drawn  well  to  one  side,  passing 
strong  curved  scissors  along  the  globe  until  the  optic  nerve  is 
reached  and  plainly  felt,  which  can  be  facilitated  by  drawing  the 
eyeball  forward  as  far  as  possible;  then  dividing  the  optic  nerve  as 
far  back  as  possible,  rotating  the  posterior  end  of  the  globe  forward 
until  it  can  be  seen,  cutting  off  the  optic  nerve  stump  one-sixteenth  of 
an  inch  back  of  the  globe,  clearing  the  posterior  pole  of  the  latter 
by  curved  scissors  of  all  connective  tissue  and  possible  ciliary  nerve 
attachments,  replacing  the  globe,  uniting  the  ends  of  the  rectus 
tendon  with  two  fine  silk  sutures,  and  closing  the  conjunctival  wound. 
Immediately  after  cutting  the  optic  nerve  the  lids  should  be  closed 
and  firm  pressure  made  upon  them  with  a cotton  pad  for  at  least 
three  minutes;  unless  this  is  done,  the  bleeding  into  the  orbital  tissue 
is  such  that  the  ball  sometimes  cannot  be  replaced.  For  the  same 
reason  it  is  important  to  complete  the  operation  as  rapidly  as  pos- 
sible and  hold  the  lids  closed  with  a firm  bandage.  It  is  sometimes 
necessary  to  sew  the  lids  together  temporarily,  in  order  to  protect 
the  cornea.  In  spite  of  these  precautions  it  may  become  necessary 
to  enucleate  the  globe,  and  the  possibility  of  this  should  always  be 
insisted  upon  to  the  patient  before  doing  the  operation. 

Choice  Between  These  Operations ; Their  Dangers  and  Advantages. 
Death  from  meningitis  has  been  known  to  follow  each  of  these 
operations.  Evisceration  was  first  systematically  employed  to  avoid 
the  danger  of  death  after  enucleation  during  panophthalmitis,  and, 
although  death  has  been  known  to  follow  it  also  it  probably  is 
less  dangerous  than  either  of  the  others,  since  there  is  less  chance 
in  doing  it  of  infecting  the  orbital  tissues.  The  ranger  is  slight  in 
any  event,  but  its  possibility  should  be  kept  in  mind  and  the  strictest 
precautions  to  avoid  it  observed.  W hethor  any  operation  beyond 
freely  incising  the  globe  should  be  done  :n  florid  panophthalmitis  is 
a moot  point;  but,  on  the  whole,  a simple  evisceration,  followed  by 
the  free  use  of  peroxide  of  hydrogen  in  the  cavity,  is  the  most  rational 
procedure,  though  it  must  be  admitted  that  where  the  inflammation 
has  been  especially  violent  or  long  continued  the  sclera  itself  is  occa- 
sionally so  thoroughly  infected  chat  it  becomes  necessary  to  excise 
it  later  on. 

Enucleation  is  the  operation  preferred  by  most  authorities.  It  is 
a necessity  in  cases  of  intra-ocular  tumors  of  the  eye  and  in  some 
cases  of  malignant  dispase  of  the  exterior  of  the  globe,  or  of  the  con- 
junctiva or  orbital  tissues.  It  should  always  be  preferred  in  the 
treatment  of  an  jtctually  broken-out  sympathetic  ophthalmia.  The 
main  advantages  in  other  cases  are  the  slight  reaction  which  gen- 
erally follows  it  and  its  greater  simplicity  as  compared  with  Mules’ 
operation  or  opticociliary  neurectomy.  The  dangers  connected  with 
it  are,  first,  that  of  enucleating  the  wrong  eye.  It  would  seem 
almost  incredible  that  this  could  ever  happen  were  it  not  that  it 
has  actually  occurred.  A good  eye  has  been  enucleated  and  a blind 
one  left.  This  danger  is  not  peculiar  to  enucleation,  for,  while  it 
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has  not  been  known  to  occur  with  either  of  the  other  operations, 
there  is  no  reason  why  it  might  not  occur  with  them  also.  In  some 
clinics  it  is  customary  to  guard  against  this  possibility  by  marking 
with  pencil  or  ink  the  brow  on  the  side  to  be  operated  upon.  Death 
from  hemorrhage  has  been  known  to  occur  after  enucleation,  also 
orbital  cellulitis  and  orbital  abscess,  but  these  accidents  are  of  the 
utmost  rarity. 

Evisceration  is,  in  my  opinion,  the  operation  of  choice  as  a prophy- 
lactic for  sympathetic  ophthalmia,  although  the  weight  of  authority 
is  in  favor  of  enucleation.  Where  the  simple  evisceration  is  done,  it 
is  easier,  safer,  and  much  more  likely  to  give  a good  stump  than 
enucleation,  and  the  reaction  following  it,  if  hot  applications,  or,  as 
some  prefer,  ice,  are  employed  for  a few  days,  is  little,  if  any,  greater. 
The  same  advantages,  except  that  of  simplicity,  with  the  additional 
one  of  giving  a better  stump,  pertain  to  Mules’  operation,  and  the 
fact  that  the  eyeball  does  not  have  to  be  entirely  removed  induces 
some  people  to  permit  evisceration  where  enucleation  would  be 
refused.  The  objections  commonly  urged  against  it  are  the  great 
reaction,  which,  as  has  been  said,  can  be  practically  done  away  with 
if  the  simple  operation  is  done,  and  the  greater  danger  of  sympathetic 
ophthalmia  after  it,  an  objection  which,  in  my  opinion,  rests  upon 
entirely  insufficient  ground.  Another  possible  objection  is  that  a 
small  choroidal  sarcoma  whose  existence  was  unsuspected  might  be 
eviscerated  without  being  noticed,  although  retrobulbar  metastases 
were  already  in  progress.  I know  of  one  such  case,  and  only  one. 
where  a subsequent  evisceration  of  the  stump  showed  a retrobulbar 
sarcoma.  In  the  rare  cases  where  there  is  the  slightest  question  of 
anything  of  the  kind  this  can  generally  be  guarded  against  by  careful 
inspection  of  the  contents  of  the  globe  and  the  inner  surfaces  of  the 
sclera.  An  infectious  necrosis  of  the  inner  layers  of  the  sclera  has 
been  mentioned  as  a possible  complication  of  severe  or  ffi  rg-continued 
panophthalmitis,  which  should  contraindicate  the  use  ot  tne  glass  ball 
where  the  eye  is  eviscerated  under  these  conditions. 

Opticociliary  neurectomy  is  highly  recommended  by  a few  opera- 
tors; but  since  it  leaves  the  choroidal  tissues  intact  as  a breeding- 
ground  for  germs,  which,  it  has  been  show  n,  can  pass  freely  out  of  the 
optic  nerve  stump,  it  probably  is  the  least  efficient  of  any  prophy- 
lactic operation  for  sympathetic  ophthalmia.  It  should  be  recom- 
mended as  a prophylactic  only  where  one  of  the  other  operations  is 
refused,  or  where,  in  the  mind  of  i ne  operator,  the  risk  of  sympathetic 
ophthalmia  is  so  slight  that  ho  fat's  warranted  in  assuming  part  of  the 
responsibility  for  it.  In  cases  of  absolute  and  painful  glaucoma,  it 
is  often  efficient,  though  not  so  certain  in  its  results  as  evisceration. 
Its  advantages  are,  that  ii  will  sometimes  be  consented  to  where 
other  operations  am  refused,  and  that,  although  the  eye  thus  saved 
is  seldom  as  good  -looking  as  an  artificial  eye,  it  is  less  troublesome, 
and  in  childrer  it.  permits  normal  development  of  the  orbit  and 
temporal  region  The  evisceration  can  be  performed  later  on  in  life 
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if  it  is  desired  for  cosmetic  purposes.  The  operation  is  more  difficult 
and  probably  more  dangerous  than  either  evisceration  or  enucleation. 

Artificial  Eyes.  An  artificial  shell  may  be  inserted  either  into 
the  cavity  left  by  enucleation  or  over  the  stump  obtained  by  an  evis- 
ceration or  one  of  its  modifications.  This  should  not  be  done  in  any 
event  until  the  wound  is  entirely  healed,  which  is  usually  in  from 
ten  days  to  three  weeks  after  the  operation.  The  use  of  an  artificial 
eye  should  always  be  advised,  for,  in  addition  to  its  cosmetic  value, 
it  prevents  the  irritation  of  the  conjunctiva  which  results  when  the 
lower  lid  becomes  inverted.  To  insert  an  artificial  eye,  the  upper 
lid  should  be  drawn  forward  and  the  larger  end  of  the  shell,  which 
should  be  moistened,  slipped  vertically  under  it.  The  lower  lid  should 
then  be  depressed,  and  the  shell  slowly  rotated  into  its  horizontal 
position.  The  shell  is  removed  by  slipping  a small  hook  under  the 
lower  edge,  and  then  making  gentle  traction  upon  the  lower  lid 
downward  and  while  the  shell  is  drawn  forward.  The  “ reform  ” eye 
has  broad,  smooth  edges  and  is  better  adapted  to  some  stumps. 

As  the  enamel  covering  the  eye  soon  loses  its  polish,  great  care 
should  be  taken  to  preserve  it  as  long  as  possible.  For  this  purpose, 
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Artificial  human  eyes. 


as  well  as  for  the  opportunity  offered  to  hush  the  socket  with  some 
mild  antiseptic  lotion,  the  eye  should  always  be  removed  during  sleep, 
and,  after  careful  washing,  thoroughly  dried.  If,  as  sometimes  hap- 
pens, the  lids  adhere  to  the  shell,  a little  vaseline  may  be  introduced 
into  the  socket;  but  if  the  conjunctiva  becomes  roughened  and  catar- 
rhal, it  may  be  necessary  to  discontinue  wearing  the  eye  for  a time, 
until  the  mucous  membrane  has  received  proper  treatment. 

As  a rule,  an  artificia1  eye  requires  repolishing  after  eighteen 
months  of  continuous  use. 

It  sometimes  happens  that  an  artificial  eye  cannot  be  retained 
on  account  of  a deformity  in  the  contour  of  the  socket.  This  hap- 
pens after  burns  and  long-standing  diseases  of  the  conjunctiva  which 
occasion  cicatrices,  and  not  rarely  after  the  use  of  ill-fitting  or  badly 
polished  artificial  eyes.  Under  such  circumstances  an  operation  is 
necessary.  One  of  the  best  of  these  is  the  procedure  of  Harlan.1 

Transplantation  into  the  orbit,  after  excision  of  the  cicatrices,  of 
Thiersch  grafts  or  mucous  membrane  from  the  lips  or  vagina,  has 
< iso  been  tried  with  success. 


1 de  Schweinitz  and  Randall.  American  Text-book  of  Dieases  of  the  Eye,  p.  600. 
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DISEASES  OF  THE  RETINA,  OPTIC  NERVE,  AND  ITS 
CEREBRAL  ORIGIN. 

By  T.  HOLMES  SPICER,  F.R.C.S. 

THE  RETINA. 

The  living  retina  is  a transparent  membrane  of  a slightly  purple 
color,  containing  the  expanded  termination  of  the  optic  nerve. 
It  is  in  contact  with  the  choroid  on  its  outer  surface,  and  with  the 
hyaloid  membrane  of  the  vitreous  within.  It  extends  forward  as 
far  as  the  ora  serrata,  where  it  ends  in  a wavy  edge  near  the  base 
of  the  ciliary  processes.  Beyond  the  ora  serrata  it  is  continued  in  a 
rudimentary  form  over  the  ciliary  processes  (pars  ciliaris  retinae)  and 
the  back  of  the  iris  to  the  edge  of  the  pupil  (pars  iridica  retinae). 
The  parts  of  the  retina  which  can  be  identified  are  the  optic  disk  or 
papilla,  at  which  the  retina  starts,  and  the  yellow  spot  or  macula  lutea, 
a horizontal  yellow  oval  patch  at  about  two  and  one-half  optic  disk 
diameters  outside  the  disk.  At  the  centre  of  the  macula  is  the  fovea 
centralis,  a small  pit  or  depression,  where  all  the  layers  of  the  retina, 
except  that  of  the  rods  and  cones,  are  absent;  cones  are  present  only 
in  the  fovea.  The  rods  become  numerous,  and  the  cones  decrease 
in  number  as  they  recede  from  the  yellow  spot. 

The  fibres  of  the  optic  nerve  within  the  eye,  cons'VJng  of  axis 
cylinders  only,  radiate  in  all  directions  from  the  disk  and  form  the 
innermost  or  nerve-fibre  layer  of  the  retina.  The  retina,  in  sec- 
tions made  perpendicularly  to  its  surface,  is  found  to  contain  the 
following  layers: 

1.  Nerve-fibre  layer. 

2.  Ganglionic  cell  layer. 

3.  Inner  molecular  layer. 

4.  Inner  nuclear  layer. 

5.  Outer  molecular  layer. 

6.  Outer  nuclear  layer. 

7.  Rods  and  cones. 

8.  Hexagonal  pigment  ceks. 

There  are  also  an  inne^  and  an  outer  limiting  membrane,  the  latter 
lying  between  the  outer  nuclear  and  the  rod  and  cone  layer. 

Most  of  the  fibres  of  tne  nerve  layer  end  in  the  cells  of  the  ganglionic 
layer,  but  a few  aA'e  continued  into  the  inner  molecular  and  inner 
nuclear  layers  Tne  molecular  and  nuclear  layers  of  the  retina  con- 
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Fig.  223. 


Adjacent  to  the  vitreous. 

Scheme  of  the  structure  of  the  human  re<i  w. 


A.  Horizontal  section,  haematoxylin  stain.  I.  Pigment  epitheiia.  layer.  II.  Layer  of  rods  and 
cones:  a.  External;  6.  Internal  elements.  III.  External  limiting  mtmbrane.  IV.  External  molecu- 
lar layer : c.  Fibre  layer.  V.  External  granular  layer.  VT . Ini  ^r»  al  molecular  layer : d.  Spongio- 
blasts ; e.  Supporting  fibres  of  Muller  ; /.  Nuclei  of  the  san.*..  VII.  Internal  granular  layer.  VIII. 
Layer  of  ganglion  cells.  IX.  Nerve-fibre  layer.  X.  Internal  limiting  membrane. 

B.  Demonstration  after  the  method  of  Golgi.  I.  Pif.oK  m epithelial  layer.  II.  Layer  of  rods  and 
cones.  III.  Molecular  and  visual  cells.  IV.  Extern-1  plexiform  layer.  V.  Layer  of  horizontal 
cells.  VI.  Layer  of  bipolar  cells.  VII.  Layer  jt  amacrine  cells.  VIII.  Internal  plexiform  layer 
(fibre  layers).  IX.  Layer  of  ganglion  cells.  X.  j.’Xve-fibre  layer : 1.  Diffuse  amacrine  cells ; 2.  Dif- 
fuse ganglion  cells ; 3.  Centrifugal  nerve  fib.  es ; 1.  Association-amacrine  cells ; 5.  Neuroglia  cells  ; 
6.  Supporting  fibres  of  Muller. 

sist  of  nerve  cells  or  o iheir  processes.  The  rods  and  cones  are 
imbedded  at  their  ou  trends  in  the  retinal  pigment,  a layer  of  hexag- 
onal cells;  the  inner  surfaces  of  these  cells  are  prolonged  into  fine 
processes,  which  pass  between  and  among  the  outer  parts  of  the  rods 
and  cones.  Under  the  influence  of  light  the  pigment  comes  forward 
into  the  anterior  part  of  the  cell  and  is  found  between  the  rods;  in 
darkness  It  :s  collected  in  the  body  of  the  cell.  The  function  of  this 
pigment  is  to  renew  the  visual  purple  or  rhodopsin,  after  the  latter 
has  become  bleached  by  the  influence  of  light.  There  are  certain 
other  sustentacular  or  supporting  fibres  in  the  retina,  passing  from 
the  anterior  to  the  posterior  limiting  membrane — fibres  of  Muller. 

The  vessels  of  the  retina  are  derived  from  the  central  artery  and 
vein  of  the  retina.  These  start  at  the  disk,  dividing  and  subdividing, 
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until  they  reach  the  periphery,  but  the  branches  do  not  anastomose 
with  one  another;  the  circulation  is  terminal.  The  importance  of 
this  is  shown  in  the  interference  with  the  circulation  of  the  eye 
by  blockage  of  a vessel.  No  assistance  can  be  obtained  from  the 
circulation  in  the  adjacent  parts.  There  is  a limited  collateral  cir- 
culation between  the  retinal  vessels  at  the  margin  of  the  optic  disk 


Fig.  225. 


and  branches  of  the  short  ciliary  arteries, 
known  as  the  circle  of  Zinn,  and  sometimes 
a retinal  vessel  may  arise  entirely  from  this 
source;  it  is  then  known  as  a cilio-retinal 
vessel.  The  vessels  lie  in  the  innermost  or 
nerve-fibre  layer;  hence  the  outermost  parts 
do  not  receive  nutrition  from  the  retinal 
vessels,  but  from  the  rich  choroidal  capil- 
laries, with  which  they  are  in  close  contact. 

The  retinal  capillaries  are  extremely  fine,  and 
their  meshes  are  closer  at  the  yellow  spot  and 
its  immediate  neighborhood  than  toward  the 
periphery;  but  at  the  fovea  or  central  de- 
pression the  capillaries  are  entirely  absent. 

The  retina  is  the  essential  organ  of  t ision : 
light  entering  the  eye  traverser  ail  the  layers  of  the  retina  until  it 
reaches  the  posterior  surface  of  the  layer  of  rods  and  cones.  The  light 
stimuli  are  received  by  the  rods  and  cones,  and  are  transferred  by 
means  of  the  optic  nerve  to  ^he  brain,  where  they  give  rise  to  the  im- 
pression of  sight.  The  region  of  acute  sight  is  at  the  fovea,  a small 
depression  at  the  cert  ere  of  the  macula  which  corresponds  with  an  area 
at  the  centre  of  the  'usual  field,  one  and  one-half  degrees  in  diameter. 
The  elements  of  1 he  retina  at  this  point  are  3 ji  apart ; this  is  expressed 
best  by  saying  ihat  two  bodies  in  the  visual  field  are  not  seen  clearly 
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Human  rod  uiid  cone. 
(Graefe-Saemisch.) 
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unless  subtending  an  angle  of  at  least  60".  The  nerve  supply  of 
the  fovea  is  more  abundant  than  that  of  any  part  of  the  retina.  In 
a case  in  which  one-fortieth  only  of  the  field  of  vision  was  lost,  Bunge 
found  an  atrophy  of  about  one-quarter  of  the  whole  optic  nerve. 

The  medullary  sheath  of  the  optic  nerve  fibres  ends  at  the  lamina 
cribrosa,  but  it  is  in  rare  cases  present  in  the  disk  and  extends  to  a 

Fig.  226. 


Section  through  the  macula.  (Graefe  and  Saemisch.) 


varying  extent  into  the  retina.  This  condition  is  known  as  opaque 
nerve  fibres  or  retained  nerve  sheath.  (Fig.  227.)  It  may  affect  a por- 
tion or  the  whole  of  the  disk,  and  may  extend  a long  way  into  the 
retina.  In  rare  cases  separate  islands  of  opaque  nerve  fibres  are  seen 
in  the  retina.  These  fibres,  of  a pure  white  or  greenish-white  color. 


Fig.  227. 


Opaque  optic  nerve  fibres. 


are  densely  opaque,  with  a striated  surface  and  an  edge  which  can  be 
seen  to  spread  out  along  the  fibres  of  the  nerve.  The  retinal  vessels 
are  seen  on  the  surface  of  the  opaque  fibres  or  lie  buried  or  partly 
buried  beneath  the  surface.  The  portion  of  the  retina  affected  with 
opaque  nerve  fibres  is  blind.  After  severe  optic  neuritis  or  neuro- 
retinitis, these  fibres  have  been  found  to  disappear. 
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Retinitis. 

Inflammation  of  the  retina  may  occur  as  the  result  of  an  injury 
or  from  the  concentration  of  brilliant  light  of  the  sun  or  of  the 
electric  arc  upon  it;  but,  as  a rule,  it  is  the  manifestation,  often  the 
only  one,  of  grave  constitutional  disease,  such  as  albuminuria, 
general  arterial  sclerosis,  syphilis,  leukaemia,  or  diabetes. 

Hypersemia  or  congestion  of  the  retinal  capillaries  cannot  be  recog- 
nized, the  retinal  capillaries  being  themselves  invisible,  but  the  con- 
dition of  the  visible  bloodvessels  may  often  enable  one  to  diagnose 
a condition  of  general  retinal  hyperaemia,  such  as  largeness  or  tor- 
tuosity of  the  arteries,  and  distention,  tortuosity,  and  dark  color  of 
the  veins. 

All  pathological  changes  in  the  retina  show  themselves  by  a loss 
of  transparency,  the  affected  parts  become  gray  or  white  and  opaque, 
the  vessels  are  indistinct  or  entirely  obscured,  and  the  underlying 
choroid  less  clearly  seen  than  in  other  places.  In  some  cases  the  red 
reflex  from  the  choroid  is  dulled,  so  that  the  retina  appears  to  have 
a smoky  hue.  This  opacity  may  be  diffuse  and  occupy  a large  part 
of  the  retina,  or  it  may  be  limited  to  one  region,  or  may  show  itself 
in  circumscribed  areas  separated  by  healthy  retina. 

Inflammatory  changes  are  often  accompanied  by  hemorrhages  into 
the  retina.  These  may  be  linear  in  shape,  and  may  bear  a relation 
to  a visible  bloodvessel;  they  may  be  punctate,  streaked,  or  flame- 
shaped, owing  to  the  direction  of  the  nerve  fibres  in  which  they  lie 
They  are  generally  rounded  in  the  deeper  parts  of  the  retin? ; +ce 
only  symptoms  present,  as  a rule,  are  diminution  of  sight  with  occa- 
sional flashes  of  light  or  flickerings,  distortion  of  objects,  such  as 
straight  lines  (metamorphopsia) , diminution  in  size  of  ol  jects  (mi- 
cropsia), or  night  blindness.  In  some  cases  floating  specks  are  seen 
before  the  eyes,  which  are  ascribed  to  biliousness;  and  ophthalmo- 
scopic examination  may  be  the  first  indication  afforoed  of  severe 
constitutional  disease. 

Syphilitic  Retinitis.  Syphilitic  retinitis  may  show  itself  either 
in  association  with  choroiditis,  as  chore  ido- retinitis,  or  as  a pure 
retinitis.  It  occurs  during  the  secondary  p V/l  ioc!  of  syphilis,  between 
the  sixth  and  the  eighteenth  month  after  ihe  primary  sore.  It  occurs 
in  congenital,  as  wTell  as  in  the  acquired  disease,  and  generally  attacks 
both  eyes.  It  runs  a very  chronic  course,  lasts  many  months,  and 
shows  a marked  tendency  to  rec’ii.  The  ophthalmoscopic  signs  are 
an  exudation  into  the  vitreous  generally  into  its  posterior  part.  This 
exudation  is  very  fine,  but  can  generally  be  resolved  into  actual 
dust  opacities  by  th°  ophthalmoscope;  it  obscures  the  fundus 
and  may  hide  the  deeper  parts  entirely  from  view,  but  it  is 
often  possible  to  recognize  through  the  haze  the  hypersemic  con- 
dition of  the  optic  disk,  with  great  enlargement  and  tortuosity  of 
both  arteries  and  veins.  There  may  be  spots  or  white  areas  of  exu- 
dation into  the  retina,  and  hemorrhages  are  often  present.  In  the 
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later  stages  the  vitreous  clears;  the  arteries  are  then  found  diminished 
in  size,  and  both  arteries  and  veins  are  sheathed  in  white.  The  retina 
remains  opaque  and  fibrous  looking,  and  contains  pigment  along 
the  sheaths  of  the  vessels  or  scattered  irregularly,  chiefly  at  the 
periphery.  (Fig.  228.) 

Fig.  228. 


Atrophy  of  i '‘ti ^a.  Pigmentation  of  sheaths  of  retinal  vessels  after  syphilitic  retinitis.  Note  white 
lines  along  the  retinal  veins  ; pigmentation  of  veins  at  periphery,  arrangement  of  pigment  between 
the  m^n  ssels  resembling  retinitis  pigmentosa. 


The  loss  of  sight  bears  no  relation  to  the  ophthalmoscopic  changes. 
It  may  from  the  first  be  much  reduced,  and,  after  subsidence  of  the 
disease,  may  remain  so;  while  in  other  cases  the  sight  generally  may 
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be  considerably  restored,  but  blind  areas  (scotomata),  01  a ring-shaped 
area  of  blindness  (annular  scotoma)  may  be  left  behind.  Treat- 
ment should  be  begun  without  delay  . If  mercury  be  given  to  the 
limit  of  safety,  the  course  of  the  disease  may  be  shortened  and 
some  of  its  worst  effects  avoided.  Inunction  is  perhaps  the  most 
satisfactory  method  of  giving  mercury;  it  should  be  pushed  until 
there  is  slight  tenderness  in  the  gums.  This  may  be  alternated  with 
subcutaneous  injections  of  mercury,  or  with  mercury  with  chalk, 
taken  by  the  mouth.  The  mercurial  treatment  should  be  carried  out 
until  the  disease  has  come  to  an  end  and  sufficient  time  has  passed  to 


Fig.  229. 


Jbuminuric  retinitis  in  a case  of  acute  nephritis,  shoeing  < teas  of^edged,  cedematous- 
looking  exudation  into  the  retina,  wiu*  uemorrhages. 


render  recurrences  improbable.  To  this  treatment  should  be  added 
Turkish  baths,  subcutaneous  injections  of  pilocarpine,  and  in  e 
later  stages  iodide  of  potassium.  At  the  same  time  dark  g asses 
should  be  worn  and  all  use  ol  the  eyes  prohibited;  the  glasses  should 
be  domed,  of  neutral  color,  and  rather  dark  shade,  with  sides  pro- 
tected by  gauze  or  crape,  to  exclude  light;  some  surgeons  speak 
highly  of  spectrum  blue  glasses.  It  is  doubtful  whether  other  local 
measures,  such  as  leeching  or  counter-imtation,  have  any  effect. 

Albuminuric  Xetinitis.  Inflammation  of  the  retina  associated 
with  renal  disease  occurs  very  often  during  the  course  of  a chronic 
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interstitial  nephritis  or  granular  kidney.  It  occurs  also  in  chronic 
parenchymatous  nephritis,  in  the  kidney  disease  of  pregnancy,  and 
also  less  commonly  during  an  attack  of  acute  nephritis.  (Fig.  229.)  It 
is  convenient  to  class  all  these  varieties  under  the  heading  of  albu- 
minuric retinitis,  although  it  must  be  understood  that  albumin  is  not 
present  constantly  in  all  cases;  it  occurs  in  two  forms,  at  least:  the 
inflammatory  and  the  degenerative. 

Inflammatorg  Retinitis.  Where  the  disease  is  running  an  acute 
course,  whatever  be  the  fundamental  nature  of  the  kidney  affec- 
tion, we  meet  in  the  retina  with  soft  white  flocculent  patches  of 
exudation,  combined  with  oedema  covering  large  areas,  with  swelling 
and  haze  of  the  disk.  Hemorrhages  are  sometimes  present  as  small 
red  points  or  flame-shaped  masses  of  blood  in  the  nerve-fibre  layer. 
This  form  of  retinitis  is  not  always  associated  with  much  impairment 
of  vision,  and  is  seen  less  frequently  than  the  other  form.  It  is  most 
commonly  met  with  in  the  chronic  large  white  kidney  stage  of  neph- 
ritis; it  persists  for  a few  weeks,  and,  with  general  treatment,  it  may 
disappear  and  leave  no  trace.  This  exudative  or  inflammatory  form 
of  retinitis  is  frequently  accompanied  by  a great  deal  of  exudation 
into  the  optic  nerve,  producing  a condition  closely  resembling  the 
optic  neuritis  of  intracranial  disease. 

The  other  form  of  retinitis,  the  degenerative,  is  sometimes  so:  n after 
subsidence  of  the  acute  exudation,  but  generally  occurs  independently. 
It  consists  of  very  brilliant  dazzling  white  spots  abouv  the  macular 
region.  Its  most  characteristic  form  is  very  like  an  asterisk  radiating 
from  the  yellow  spot.  Each  dot  of  which  the  asterisk  is  made  up 
has  a sharply  defined  or  hard  edge,  and  the  surrounding  retina  appears 
to  be  darkened,  possibly  from  contrast  with  +i:c  brilliant  exudation. 
The  exudation  consists  mainly  of  granules  mixed  with  fatty  deposit 
in  the  nervous  and  supporting  elements  of  the  retina,  and  probably 
owes  its  peculiar  arrangement  to  the  fo.ds  into  which  the  retina  is 
thrown  by  oedema.  Hemorrhages  are  generally  present  also,  and 
may  be  punctate,  striated,  linear,  or  flame-shaped.  The  tendency  is 
for  the  exudation  to  become  absorbed  and  for  sight  to  be  somewhat 
improved.  It  is  rarely  entirely  absorbed,  however,  and  months  after 
a few  dots  may  genera1!;/  be  seen  near  the  yellow  spot;  the  hemor- 
rhages also  become  absorbed  slowly.  A peculiarity  which  is  seen  in 
some  cases  is  pigmentation  of  the  retina,  which  has  been  found  on 
microscopic  examination  to  lie  outside  the  external  limiting  mem- 
brane. In  severe  cases  of  albuminuric  retinitis  accompanied  by 
marked  papillitis  the  recovery  of  sight  never  proceeds  very  far,  and 
if  the  disk  becomes  atrophic,  vision  may  be  almost  entirely  lost.  Sight 
may  be  lost  also  in  kidney  disease  without  the  occurrence  of  retinitis. 
The  sight  fails  rapidly  and  completely  without  any  cause  being  dis- 
cernible by  the  ophthalmoscope;  but  after  a few  hours  recovers 
sk'w'y.  The  patient  has  headache,  vomiting,  and  the  other  symp- 
toms of  uraemia,  and  the  blindness  is  uraemic  amaurosis.  In  the 
albuminuria  of  pregnancy  the  retinitis  may  come  on  comparatively 
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early,  or  may  be  delayed  until  near  the  end  of  the  pregnancy.  It 
follows  an  acute  course,  and  is  attended  by  great  disturbance  of 
function,  but  complete  recovery  is  often  obtained. 

Recovery  is  more  likely  to  occur  in  the  inflammatory  or  exudative 
form  of  retinitis  than  in  the  degenerative  form.  Changes  in  the  vessels 
are  marked  in  the  degenerative  form.  The  small  arteries  are  thick- 
ened and  rigid,  especially  the  inner  coat,  and  their  lumen  becomes 
diminished;  the  capillaries  participate  in  this  rigidity.  (Fig.  230.) 
This  change  shows  itself  very  clearly  by  the  ophthalmoscope,  as  has 
been  described  by  Marcus  Gunn.  The  smaller  arteries  of  the  retina 
have  their  central  light  streak  wider  and  more  brilliant  than  usual, 


Fig.  230. 


Albuminuric  retinitis.  Granular  kidney.  Note  hard-edged  “asterisk  ” exudation  at  y 8,  the  silver- 
wire  condition  of  the  arteries,  and  the  punctate  and  lint  ai  hemorrhages. 


so  that  the  whole  vessel  appears  like  a piece  of  silver,  or  rather,  of 
gold  wire,  and  gives  one  the  impression  of  being  hard,  round,  and 
tense.  At  the  same  time  the  artery  shows  signs  of  degeneration 
in  the  form  of  small  bright  spots  in  its  coat.  Where  it  crosses  the 
veins  the  blood  current  in  the  latter  is  interfered  with,  so  that  the 
column  of  blood  appears  to  be  cut  in  two,  and  the  distal  part  is  dis- 
tended by  the  obstruction.  In  more  advanced  arterial  disease  there 
are  slight  inequalities  in  "alibre  of  the  arteries  in  different  places,  and, 
occasionally,  small  aneurisms  may  form  on  them.  The  distended 
veins  sometimes  rupture,  owing  to  degeneration  of  their  coats  from 
stasis  of  the  blood  within  them,  and  they  may  undergo  fusiform 
enlargement.  Ixemorrhages  may  occur  also  from  the  arteries  them- 
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selves.  One  of  the  common  results  of  this  form  of  arterial  degenera- 
tion is  the  occurrence  of  an  area  of  thrombosis  of  the  vein  at  the 
point  where  it  is  crossed  by  an  artery.  This  is  followed  by  an  inflam- 
matory exudation,  completely  obscuring  the  vessels  at  the  place  of 
contact,  while  hemorrhages  are  poured  out  from  the  vein  beyond  the 
obstruction.  These  changes  in  the  vessels  are  seen  generally  after 
about  forty  years  of  age,  but  may  appear  earlier — indeed,  almost  at 
any  age.  They  may  be  said  to  be  almost  characteristic  of  granular 
kidney,  although  they  are  seen  frequently  in  patients  in  whom  no 
other  signs  of  granular  kidney  can  be  found,  except,  perhaps,  a hard, 
incompressible  artery  at  the  wrist. 

Prognosis.  This  is  to  be  regarded  from  the  point  of  view  of  recovery 
of  vision,  and  also  with  respect  to  the  duration  of  life.  As  has 
been  said,  the  exudative  or  inflammatory  form  of  retinitis  may  be 
absorbed  entirely  and  leave  the  vision  little  impaired.  The  degen- 
erative form  takes  much  longer  to  become  absorbed,  is  less  likely 
to  be  absorbed  at  all,  and  may  leave  permanent  changes  in  the 
macular  region,  which  may  interfere  greatly  with  vision.  The  preg- 
nancy forms  are  likely  to  recover,  provided  that  pregnancy  is  near  its 
end,  or  if  it  can  be  determined  by  premature  delivery.  As  regards 
the  duration  of  life  in  the  exudative  forms  accompanying  parenchy- 
matous nephritis,  although  the  retinal  changes  may  be  very  great, 
the  prognosis  is  not  extremely  grave,  for  the  condition  ot  the  kidney 
may  be  recovered  from.  In  the  degenerative  form*  accompanying 
granular  kidney  the  duration  of  life  is  short;  in  hoLpital  patients  the 
average  duration  of  life  has  been  noted  by  Miley  among  45  cases  to 
be  under  four  months,  and  the  extreme  duration  under  two  years; 
but  other  observers  have  noted  less  unfavorable  results.  The  pro- 
longation of  life  seems  to  depend  upon  the  amount  of  care  that  can 
be  taken  of  the  health.  Thus  another  observer  found  among  hospital 
patients  that  all  the  men  died  within  two  years,  and  68  per  cent,  of  the 
women,  and  among  private  patients  oily  59  per  cent,  of  the  men  died, 
and  53  per  cent,  of  the  women.  A few  exceptional  cases  have  been 
recorded  in  which  life  was  prolonged  for  seven  or  even  twelve  years. 

Diabetic  Retinitis.  Although  the  existence  of  an  inflammation  of 
the  retina  peculiar  to  diabetes  is  not  admitted  by  many  authors,  yet 
retinal  changes  are  met  with  in  diabetes  which  are  distinct  from 
those  met  with  in  my  other  disease,  and  sufficiently  like  each  other 
to  justify  their  recognition  as  a separate  variety.  The  form  which 
diabetic  retinitis  takes  is  that  of  a group  of  brilliantly  reflecting  dots 
or  areas  of  degeneration  in  the  retina,  varying  much  in  size  and 
grouped  around  the  yellow  spot.  The  appearance  of  each  degenerated 
area  is  much  like  that  of  the  individual  spots  met  with  in  albuminuric 
retinitis,  but  their  arrangement  is  not  like  the  spokes  of  a wheel,  radi- 
avng  from  the  yellow  spot,  but  like  the  circumference  of  a wheel 
arranged  around  it.  At  the  same  time  there  are  numerous  punctate 
and  linear  hemorrhages  in  the  retina.  This  form  of  exudation  per- 
sists for  a very  long  time. 
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Leukaemic  Retinitis.  Owing  to  the  poverty  of  the  blood  in  coloring- 
matter,  one  of  the  most  striking  features  of  the  fundus  in  this  disease 
is  that  the  color  of  the  choroidal  reflex,  instead  of  being  a full,  rich 
red,  is  of  a light-yellow  color.  The  retinal  veins  are  large,  flabby, 
and  tortuous,  and  have  the  appearance  of  flattened  bands.  Retinal 
hemorrhages  are  present  with  white  masses  of  exudation,  due  to 
extravasations  of  white  blood  cells  into  the  retina.  These  spots  are 
sometimes  surrounded  by  a fringe  of  colored  blood.  (Tig-  231.) 


Fig.  231. 


Leukaemic  retinitis.  Note  the  indistinctness  of  the  disk  ; the  ei. fMV»ously  distended  veins ; 
and  the  hemorrhages  at  the  yellow  spot  surronucf  ed  > 'y  a light  halo. 


Treatment.  The  treatment  of  albummuric,  diabetic,  and  leukaemic 
retinitis  is  the  treatment  of  the  disease  which  is  the  cause  of 
the  retinitis,  and  calls  for  no  rem  irk  here,  except  that  rest  of 
the  eyes  should  be  enjoined  and  the  use  of  dark  protective 
glasses  In  retinitis  occurring  during  pregnancy,  the  question  of 
inducing  premature  labor  often  arises.  If  the  retinitis  be  severe, 
it  is  advisable  to  induce  labor;  but  this  should  be  postponed  as 
long  as  possible,  if  it  can  be  done  with  safety,  in  order  to  save 

the  child.  . . . . 

Hemorrhagic  retinitis  (Thrombotic  Retinitis).  The  ophthalmo- 
scopic appeara  ices  in  this  disease  are  the  formation  of  a very  large 
number  cf  small  flame-shaped  hemorrhages  all  over  the  retina  or 
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Fig.  232. 


Hemorrhagic  retinitis.  Venous  thrombosis:  upper  temporal  vein,  showing  two  oa.'chis  of  throm- 
bosis ; upper  nasal  vein,  showing  one  patch  ; white  exudation  concentric  with  o >tlc  disk.  (General 
view  of  inverted  image.) 

Fig.  233. 


Vinous  thrombosis.  Upper  venous  vein,  showing  patches  of  thrombosis.  White  exudation  con- 
centric with  O.  D.;  portion  of  preceding  figure  seen  by  the  erect  image;  the  thickening  of  the 
sheath  of  the  vein  should  be  noted. 
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over  a portion  of  the  retina  drained  by  a single  vein.  (Figs.  232  and 
234.)  At  the  same  time  the  veins  in  this  region  are  enormously  dis- 


Fig.  234. 


Hemorrhagic  retinitis.  (Jaeger.) 
Fig.  235. 


Note  subhvaloid  hr , ac rrh age  at  yellow  spot,  whioh  has  burst  through  its  anterior  limiting  mem- 
brane and  formed  a c rumscribed  hemorrhage;  a second  subhyaloid  hemorrhage  is  seen  at  the 
upper  part  of  ibe  fundus. 
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tended,  tortuous,  and  dark  in  color,  while  the  affected  part  of  the 
retina  is  generally  cedematous,  and  may  contain  spots  or  areas  of 
exudation.  The  cause  of  this  affection  is  thrombosis  of  the  trunk  of 
the  vena  centralis  retinae,  or  of  a branch  of  it;  it  usually  occurs  in 
one  eye  only.  It  is  caused  by  general  vascular  degeneration,  with 
disease  of  the  valves  of  the  heart  or  of  the  arteries.  It  is  said  to 
occur  among  the  gouty ; it  certainly  occurs  among  those  who  have  no 
discoverable  disease  of  any  kind.  It  is  sometimes  secondary  to  orbi- 
tal disease,  such  as  cellulitis,  erysipelas,  or  disease  of  the  cavernous 
sinus,  and  the  thrombosis  here  probably  travels  along  the  course  of 
the  vein  until  it  reaches  the  eye;  in  such  cases  the  optic  nerve  is 
generally  left  atrophic.  Hemorrhagic  retinitis  sometimes  ends  in 
hemorrhagic  glaucoma. 

Subhyaloid  Hemorrhage.  This  consists  in  the  formation  of  a 
large  circular  hemorrhage  on  the  surface  of  the  retina  beneath  the 
hyaloid  membrane,  and,  according  to  Fisher's  observations,  beneath 
the  membrana  limitans  interna,  from  the  rupture  of  a vessel,  probably 
a retinal  vein.  It  is  generally  confined  to  one  eye,  is  single,  and  occu- 
pies the  yellow  spot  region,  but  it  may,  in  rare  cases,  be  associated  with 
hemorrhages  in  other  parts.  Sight  is  at  first  much  impaired,  but  as  the 
hemorrhage  gets  slowly  absorbed  the  retina  again  becomes  exposed, 
and  vision  is  restored,  or  the  blood  may  suddenly  be  diffused  into 
the  vitreous  through  a rupture  in  the  hyaloid  membrane.  (Fig.  235.) 

Hemorrhages  are  also  met  with  in  pernicious  anaemia,  malaria, 
amyloid  disease,  purpura,  and  burns  of  the  skin.  Large  retinal 
hemorrhages  which  sometimes  burst  into  the  vitreous  are  seen  occa- 
sionally in  young  adults  without  apparent  cause  borne  of  the  patients 
are  anaemic,  others  are  apparently  in  perfect  health;  such  patients 
are  generally  subject  to  constipation  and  ep;stnxis,  according  to  Eales, 
who  first  described  them.  The  treatment  of  all  these  forms  of  retinitis 
should  be  carried  out  on  general  principles.  Small  regular  doses  of  blue 
pill,  followed,  if  necessary,  by  a saline,  are  advisable;  it  is  also  of 
advantage  to  give  iodide  of  potassium. 

Pyscmic  Retinitis.  .This  results  from  infection  of  the  eye  from  a 
septic  centre  elsewhere  in  tne  body,  as  in  ulcerative  endocarditis.  It 
may  be  produced  also  by  v-  decomposing  retained  placenta  or  by  any 
other  decomposing  material  in  the  uterus.  It  shows  itself  in  the 
earliest  stages  by  hemorrhages  and  white  patches  in  the  retina.  It 
results  in  panophthalmitis,  which  may  be  double  and  lead  to  total 
loss  of  both  ey^s 

Retinitis  Ptoliferans  and  Retinitis  Striata.  In  this  disease  dense 
masses  of  fibrous  tissue  project  forward  into  the  vitreous  from  the 
retina.  These  tufts  of  fibrous  tissue  contain  bloodvessels  of  new  for- 
mation ; L.he  delicate  new  bloodvessels  give  way,  forming  periodically 
fresh  hemorrhages.  The  fibrous  tissue  probably  has  its  origin  in  the 
organization  of  the  blood  that  is  poured  out;  small  but  less  extensive 
g lowths  of  vessels  may  occur  in  syphilitic  retinitis.  A closely  allied 
form  is  that  to  which  the  name  of  retinitis  striata  has  been  given,  in 
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which  the  bands  of  fibrous  tissue  form  in  the  retina  itself,  and  gener- 
ally follow  the  course  of  the  bloodvessels. 

Retinitis  Circinata.  This  is  a rare  affection,  in  which  large  areas 
of  brilliant  white  exudation  with  dots  of  dark  color  on  them  are 
formed  in  the  region  around  the  yellow  spot.  The  central  portion  oi 
the  retina  itself  has  undergone  much  degeneration,  and  is  gray  and 
opaque;  the  appearance  of  the  white  patches  in  the  retina  is  rather 
like  that  of  passover  bread.  Hemorrhages  generally  accompany  the 
disease.  It  occurs  mainly  in  very  old  people.  (Fig.  236.) 


Fig.  236 


Retinitis  circinata.  Note  the  gray  degeneration  of  the  retire  at  tht  yellow  spot,  and  the  white 
exudation  concentric  with  the  yellow  spot,  having  th  : appliance  of  passover  bread. 


Symmetrical  Disease  of  the  Macula  in  Young  Children.  This 
affection,  first  described  by  Tay,  associated  with  disease  of  the  cere- 
bral cortex,  is  a rare  disease;  it  occurs  during  the  first  two  year$  ot 
life,  generally  among  the  offspring  of  Jewish  parents.  A white 
patch  of  exudation  having  a cherry-red  spot  in  the  centre  is  seen 
at  the  macula;  the  optic  nerve  slowly  atrophies,  the  child  becomes 
blind,  and  degenerate!  mintally  until  death  ensues  after  some 

months.  , _ . ,Trl  xl. 

Embolism  of  the  Central  Artery  of  the  Retina.  When  this  occurs, 

there  is  sudden  and  complete  failure  of  sight.  The  patient  is  about 
his  ordinary  occupation  and  is  conscious  of  something  peculiar  in 
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his  sight.  On  covering  one  eye  he  finds  that  there  is  only  faint 
perception  of  light  in  the  affected  eye.  (Fig.  237.)  When  examined 
by  the  ophthalmoscope  after  a few  hours  the  arteries  are  found  to  be 
much  shrunken,  but  generally  not  quite  bloodless;  the  veins  are  of 
normal  size  or  rather  smaller,  but  tend  to  increase  in  size  away  from 
the  disk.  The  whole  retina  is  whiter  than  normal,  the  whiteness 
being  most  marked  around  the  yellow  spot.  The  fovea  appears  by 
contrast  brightly  red,  as  if  there  had  been  a hemorrhage  in  it.  This 
appearance  is  known  as  “the  cherry-red  spot  at  the  macula.”  The 
whiteness  of  the  retina  is  due  to  oedema,  and  this  is  most  marked 
just  around  the  yellow  spot,  where  the  retina  is  thickest;  the  cherry- 


Fig.  237. 


Embolism  of  centiTl  t*\e  *y  of  the  retina.  (Liebreich.) 


red  spot  at  the  fovea  is  cwing  to  the  red  of  the  choroid  being  seen 
through  the  retina,  which  is  very  thin  at  this  spot.  The  cherry-red 
spot  has  been  seen  within  twenty  minutes  after  embolism  has  taken 
place.  The  column  of  blood  present  in  the  vessels  is  sometimes 
broken  up  and  moves  about  in  an  irregular  manner,  sometimes  from 
one  vein  to  another;  sometimes  in  a reverse  direction  to  the  normal. 
All  the  small  vessels  in  the  region  of  the  macula  stand  out  very  clearly 
against  the  opaque  white  retina.  After  the  first  few  days  there  is 
frequently  slight  improvement  in  sight,  owing  to  partial  restoration 
or  the  circulation  from  anastomosis  of  small  vessels  situated  around 
the  entrance  to  the  optic  nerve,  but  the  improvement  is  very  slight; 
tne  oedema  clears  up  in  a few  weeks,  and  atrophy  of  the  disk  follows. 
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Sometimes  only  a branch  of  the  central  artery  is  affected,  with 
the  corresponding  portion  of  the  retina.  In  one  published  case  the 
macular  region  was  supplied  by  a cilioretinal  artery,  and  central 
vision  was  retained,  although  all  the  other  parts  of  the  retina  were 
blind.  A case  has  been  seen  recently  in  which  embolism  of  one  artery 
was  followed  by  a similar  accident  in  the  other  eye. 

Cause.  The  most  commonly  assigned  cause  is  the  separation  of  an 
embolon  from  a diseased  valve  of  the  heart.  Other  causes  are  athe- 
roma of  the  aorta  or  other  large  vessel,  aneurism,  pregnancy,  or 
Bright's  disease.  But  cases  are  not  rare  in  which  there  is  no  cause 
of  this  sort  to  be  found  by  most  careful  examination,  and  it  is 
probable  that  many  of  the  cases  presenting  typical  features  of  embo- 
lism are  really  cases  of  sudden  thrombosis  of  the  central  artery,  due 
to  endarteritis. 

Treatment.  As  to  treatment,  nothing  can  be  said  to  be  beneficial 
with  certainty.  Paracentesis  of  the  anterior  chamber  and  iridectomy 
have  been  tried  without  result;  massage  of  the  eye  may  be  tried 
with  the  hope  of  causing  the  embolon  to  move  to  some  more  distant 
part  of  the  circulation  ; it  has  been  successful,  but  it  must  be  applied 
early  and  with  force. 

Thrombosis  of  the  Central  Retinal  Artery.  This  gives  rise  to 
symptoms  and  ophthalmoscopic  appearances  identical  with  those  of 
embolism,  the  main  difference  being  that  in  thrombosis  the  patient 
is  warned  by  temporary  failures  of  sight  which  pass  away,  until  one 
occurs  which  does  not  clear  up. 

Quinine  Blindness.  (See  Optic  Nerve.) 

Effect  of  Light  on  the  Retina.  The  effect  of  light  on  the  eye  shows 
itself  in  the  conjunctiva  and  in  the  retina.  Exposure  to  the  sun, 
producing  sun  blindness,  or  to  the  electric  arc,  as  a rele,  causes 
intense  conjunctivitis,  a condition  analogous  to  blistering  of  the 
skin  by  direct  sunlight.  Thoughtless  exposure  of  the  eyes  to  the  sun, 
or  to  the  rays  of  a powerful  arc  lamp,  may  produce  results  on  the 
retina  which  are  sometimes  permanent.  Many  instances  are  recorded 
in  which  patients  have  stared  at  the  sun  daring  an  eclipse.  The 
result  has  been  in  some  cases  a persistent  posit  we  scotoma,  producing 
indistinctness  or  a blur  over  every  obieci  directly  looked  at.  In 
other  cases,  without  the  sight  being  at  all  dim,  the  consciousness 
remains  of  a colored  spot  in  the  centre  of  the  field,  seen  generally 
when  a white  background  is  looned  at.  Other  cases  have  been 
recorded  in  which  a permanent  central  scotoma  with  loss  of  acute- 
ness of  vision  has  been  left  behind.  Observation  of  the  fovea  in  such 
cases  has  shown  it  to  be  swollen,  or  to  have  a hemorrhage  at  its 
centre,  or,  at  a later  stage,  to  be  atrophic.  Treatment  should  be  by 
rest  and  dark  glasses  worn  for  a prolonged  period. 

Atrophy  of  the  Rat\na.  Atrophy  of  the  retina  may  occur  as  the 
result  of  long-con: Irued  previous  inflammation.  It  may  be  the  con- 
sequence of  an  embolism  or  thrombosis  of  the  central  retinal  artery. 

28 
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Or  it  may  be  a special  affection  characterized  by  the  formation  of  new 
pigment,  and  known  as  retinitis  pigmentosa. 

Retinitis  Pigmentosa.  This  disease  is  characterized  at  its  onset 
by  loss  of  power  to  see  at  night  or  in  twilight  (night  blindness1),  the 
vision  remaining  good  during  daylight.  If  the  field  of  vision  be  taken 
at  this  time,  it  will  be  found  normal  or  nearly  so  in  bright  light;  but 
if  the  illumination  be  diminished,  some  reduction  in  the  size  of  the 
fields  will  be  found.  As  the  disease  progresses  the  field  becomes 
contracted,  even  in  bright  daylight,  and  the  contraction  may  advance 
so  far  that  the  patient  has  difficulty  in  finding  his  way  about; 
in  extreme  cases  the  field  is  reduced  to  a mere  point.  Even  in 
this  stage  central  vision  may  be  almost  unimpaired;  in  some  cases 
the  wrhole  of  the  field  is  not  lost,  but  a zone  or  belt  of  the  retina 
becomes  blind,  giving  rise  to  a ring  scotoma.  By  ophthalmoscopic 
examination  the  retina  is  found  to  contain  a large  amount  of  pig- 
ment in  its  anterior  layers,  deposited  in  the  form  of  dots  or  islands, 
shaped  much  like  bone  corpuscles,  having  branches  which  communi- 
cate with  other  neighboring  dots.  Pigment  is  deposited  also  along 
the  sheaths  of  the  smaller  vessels.  In  more  advanced  cases  the 
red  background  of  the  eye  appears  to  be  covered  with  a delicate 
black  lacework;  in  its  most  severe  form  the  pigment  is  so  dense  that 
little  of  the  red  choroid  is  visible.  The  general  arrangement  of  the 
pigment  is  in  the  form  of  a zone  situated  about  midway  between 
the  periphery  of  the  retina  and  the  optic  nerw.  This  belt  is 
densest  at  the  centre,  and  thins  off  at  its  inner  edge,  toward  the 
disk  and  also  toward  the  periphery.  The  retinal  vessels  become 
reduced  in  size;  the  arteries  may  be  mere  threads;  the  disk  under- 
goes a peculiar  dirty  yellow  atrophy  known  as  post-retinitic  or 
waxy  atrophy;  the  lens  may  become  effected  with  posterior  polar 
cataract,  and  opacities  may  appear  in  the  vitreous.  Although  this 
is  the  usual  character  of  the  disease,  cases  are  occasionally  met  writh 
in  which  night  blindness  and  lose  of  fields  are  present  and  some 
post-retinitic  atrophy  of  the  disk  is  seen,  but  in  which  no  pigment 
can  be  seen  in  the  retina,  cr  in  which,  instead  of  pigment,  a number 
of  soft-edged  rounded  yehow-white  spots  are  seen.  These  two  condi- 
tions are  spoken  of  as  retivitis  pigmentosa  ivithout  pigment  and  retinitis 
punctata  albescens.  The  retinal  hexagonal  pigment  is  gradually  ab- 
sorbed or  travels  forward  to  the  anterior  layers  of  the  retina,  so  that 
the  choroidal  veese's  appear  to  stand  out  very  clearly.  There  is  some 
doubt  at  present  as  to  whether  this  disease  should  be  considered  as 
choroidal  or  retinal  in  origin,  as,  according  to  Wagenmann,  if  the 
choroidal  circulation  is  interfered  with  by  division  of  the  ciliary  ves- 
sels, a migration  of  pigment  forward  into  the  retina  takes  place  like 
that  seen  in  retinitis  pigmentosa.  The  disease  is  first  met  with  in 


In  consequence  of  the  confusion  which  has  arisen  with  regard  to  the  words  nyctalopia  and 
neraeralopia,  they  being  used  in  opposite  senses  by  English  and  Continental  writers,  it  is  better  to 
use  the  terms  night  and  day  blindness,  which  explain  themselves. 
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childhood,  or  about  puberty,  and  advances  slowly  to  almost  complete 
blindness  after  middle  life ; it  attacks  both  eyes.  Its  cause  is  unknown. 
It  is  frequently  hereditary,  and  occurs  in  those  whose  parents  were 
blood  relations  before  marriage.  Other  defects  of  the  nervous  system 
are  often  present,  such  as  deafness  and  want  of  mental  power.  No 
treatment  is  known  to  be  successful  in  this  disease.  Iodide  of  potas- 
sium and  strychnine  may  be  tried,  with  the  application  of  the  constant 
current. 

The  prognosis  is  bad,  although  complete  blindness  may  not  come 
on  until  very  late  in  life. 

The  atrophy  which  follows  syphilitic  retinitis,  especially  in  child- 
hood, is  often  similar  in  appearance  and  course  to  true  retinitis  pig- 
mentosa; but,  as  a rule,  there  is  some  evidence  of  involvement  of  the 
choroid  in  the  syphilitic  affection. 


Fig.  238. 


Detachment  of  the  retina.  (JaluEI.  ) 


Detachment  of  the  Retina.  The  retina  is  continuous  with  the  optic 
nerve  at  the  disk,  and  is  attached  to  ihe  choroid  at  the  ora  serrata; 
but  between  these  points  it  is  held  in  apposition  with  the  choroid  only 
by  the  support  or  pressure  of  the  vitreous  within  it.  It  is  liable  to 
be  detached  from  its  position  by  various  causes,  such  as  injury,  ex- 
travasation of  blood  or  serum,  by  traction  from  within,  from  bands  in 
the  vitreous,  by  tumors  of  the  choroid,  or  cysticercus.  It  is  met  with 
most  commonly  in  myopic  eyes.  (Fig.  238.) 

The  cause  of  the  detachment  has  been  accounted  for  in  many 
wayS — by  exudation  of  fluid  from  the  choroid,  by  sudden  extrava- 
sation of  blood  r roui  the  choroid.  Neither  of  these  theories  explains 
the  large  number  of  cases  in  which  the  detachment  comes  on  suddenly 
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without  sign  of  hemorrhage.  It  is  owing  to  the  work  of  Leber  and 
Nordenson  that  the  theory  of  shrinkage  of  the  vitreous  was  estab- 
lished and  most  of  the  difficulties  of  the  subject  answered.  According 
to  their  observations,  the  vitreous  becomes  fibrillary  in  structure 
while  retaining  its  transparency.  This  change  is  due  to  a shrinkage 
from  inflammatory  processes  in  the  choroid  or  ciliary  body;  serous 
fluid  becomes  poured  out  into  the  vitreous  chamber  to  fill  the  vacuum 
caused  by  the  shrinking.  The  traction  on  the  retina  produced  by 
the  shrinking  vitreous  leads  to  rupture  of  the  retina.  The  serous 
fluid  lying  in  the  vitreous  chamber  passes  through  this  rent  into  the 
subretinal  space  and  allows  the  retina  to  become  suddenly  detached. 
More  recently  Raehlmann  has  explained  the  detachment  on  the  diffu- 
sion theory : the  fluid  behind  the  retina  is  more  albuminous  than 
that  in  front  of  it;  diffusion  tends  to  take  place  more  rapidly  toward 
the  fluid  of  greater  density — that  is,  from  the  vitreous  to  the  sub- 
retinal  spaces — than  in  the  opposite  direction.  Although  this  theory 
may  explain  some  of  the  slow  detachments,  it  hardly  suffices  for  those 
of  sudden  onset. 

The  detachment  may  take  place  at  any  part.  It  is  less  common  at 
the  macular  region  than  at  the  periphery ; but  wherever  it  begins,  it 
soon  settles  to  the  lowest  part  of  the  retina,  owing  to  gravitation 
of  the  fluid,  while  the  part  first  detached  may  become  reapplied.  It 
may  remain  stationary,  but  it  generally  progresses  undl  the  whole 
retina  is  detached,  so  that  in  a post-mortem  examination  of  the  eye 
the  retina  appears  as  a cord  going  from  the  optic  disk  to  the  back  of 
the  lens,  containing  the  shrunken  remains  of  the  vtreous,  and  spread- 
ing out  thence  to  the  ora  serrata,  forming  an  in  brella  or  convolvulus 
flower-like  detachment.  The  evidence  of  ii  flammatory  changes  in 
the  eye  is  generally  present  in  the  signs  of  iritis  or  iridocyclitis  or 
opacities  in  the  vitreous.  Secondary  eataractous  changes  in  the  lens 
generally  appear  late  in  the  disease,  with  a reduction  of  tension,  except 
in  those  cases  where  the  detachment  is  caused  by  a choroidal  tumor. 
Myopic  eyes  are  those  most  subject  to  detachment  of  the  retina,  but 
it  is  not  always  those  in  which  the  amount  of  myopia  is  highest  which 
suffer  from  detachment.  Vision  may  not  be  much  affected  if  the 
yellow  spot  be  not  involved,  but  there  is  always  a considerable  loss 
of  field,  which  may  be  detected  by  the  perimeter,  by  the  hand,  or  by 
the  light  projection  rest;  the  part  of  the  field  which  is  lost  will  cor- 
respond with  the  opposite  portion  of  the  retina.  If,  owing  to  opaci- 
ties in  the  media,  it  is  not  possible  to  use  the  ophthalmoscope,  it  is 
generally  possible  to  diagnose  the  presence  of  a detachment  by  testing 
the  projection  of  light.  In  the  first  stages  of  a detachment  exami- 
nation of  the  field  of  vision  alone  is  insufficient,  as  the  retina  may 
retam  its  function  for  some  time  after  the  detachment  where  the  latter 
io  not  very  deep.  The  ophthalmoscope  shows  a changed  color  in 
the  reflex  from  the  fundus  over  the  detached  area.  The  best  way  to 
see  this  is  to  observe  the  fundus  reflex  from  a distance  of  about  14" 
with  the  ophthalmoscope  mirror  alone,  and  to  get  the  patient  to  look 
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in  various  directions,  so  that  the  whole  of  the  retina  is  brought  under 
observation,  and  one  part  may  be  compared  with  another  or  with 
the  other  eye.  The  reflex,  even  in  recent  cases,  is  generally  slightly 
duller  over  the  detached  area  than  elsewhere,  and  in  old  detachments 
the  retina  may  appear  opaque  and  gray.  It  may  often  be  seen  to 
float  about  with  movements  of  the  eye.  The  detached  area  should 
then  be  looked  at  by  the  direct  method,  its  refraction  estimated  and 
compared  with  that  of  other  parts.  If  one  part  of  the  retina  is 
much  more  hypermetropic  or  less  myopic  than  another,  suspicion 
should  be  directed  to  detachment  of  the  retina.  The  retinal  vessels 
in  the  detached  area  appear  much  darker  than  normal,  owing  to  loss 
of  their  central  light  streak  and  to  the  difference  in  transillumination. 
In  their  course  toward  the  periphery  they  can  be  seen  to  disappear 
into  folds  and  depressions  in  the  retina ; rents  in  the  retina  may  be 
seen  at  times,  showing  the  bright  choroidal  reflex  behind.  In  some 
cases  of  shallow  detachment  the  retina  appears  to  be  thrown  into 
innumerable  fine  ripples  which  have  very  much  the  appearance  of 
the  vessels  of  the  choroid  seen  through  the  retina;  it  is  possible  that 
this  appearance  may  also  be  due  to  detachment  of  the  choroid  with 
the  retina. 

In  determining  the  cause  of  the  detachment,  regard  should  be  paid 
to  its  seat  and  extent,  its  shallowness  or  depth,  its  translucency  and 
immobility,  the  condition  of  the  vitreous,  and  the  hardness  or  tension 
of  the  eye.  New-growths  of  the  choroid  generally  form  globular 
prominent  steep  detachments,  sometimes  dark  in  color,  owing  to  the 
pigment  they  contain,  sometimes  showing  vessels  not  of  retinal  origin. 
The  vitreous  is  not  opaque,  and  the  tension  of  the  eye  often  is  .'aist  d. 
If  the  detachment  be  due  to  shrinking  of  the  vitreous,  there  will  be 
vitreous  opacities,  a widespread  detachment,  a floating  retina,  probably 
containing  rents  through  which  the  choroid  may  be  seen. 

Treatment.  The  treatment  should  be  directed  toward  producing  ab- 
sorption of  the  exuded  fluid.  For  this  purpose  the  most  efficacious 
agent  is  complete  rest  in  bed;  the  patient  should  be  kept  on  his  back 
for  a month  or  six  weeks,  his  diet  should  be  i united  in  regard  to 
fluids,  and  free  action  of  the  skin  should  be  provided,  either  by  vapor 
baths,  which  should  be  given  in  bed,  or  by  +h  j subcutaneous  adminis- 
tration of  pilocarpine.  This  may  be  combined  with  the  use  of  the 
iodides  of  ammonium  and  potassium  internally.  At  the  same  time  the 
eye  should  be  kept  bandaged  under  moderate  pressure.  If  more  rapid 
disappearance  of  the  fluid  be  desired,  the  situation  of  the  greatest 
collection  of  fluid  should  be  made  out  by  the  ophthalmoscope,  and 
the  fluid  tapped  through  the  sclerotic.  This  is  done  best  by  a broad 
needle  or  a Graefe  knife  vfhich  should  be  introduced  through  the 
sclerotic  into  the  subretinal  space  in  the  equatorial  region  at  a spot 
between  the  insertion  of  the  muscles.  If  the  knife  then  be  turned 
upon  its  long  axn  an  opening  will  be  made  beside  it,  which  will  allow 
the  albuminous  fluid  to  run  out  of  the  eye.  Before  introducing  the 
knife  the  eoidnnctiva  should  be  displaced  by  the  fixation  forceps, 


438 


THE  EYE. 


so  that  when  the  knife  is  withdrawn  the  conjunctiva  may  slip  back 
and  the  wound  in  the  sclerotic  be  covered.  Fluid  will  go  on  draining 
away  into  the  subconjunctival  connective  tissue  after  the  knife  is 
withdrawn.  An  addition  to  this  plan,  which  has  been  recommended 
and  has  met  with  some  success,  is  to  burn  the  sclerotic  slowly  with  a 
cautery  through  its  outermost  layers,  until  the  choroid  is  just  reached. 
By  this  means  an  adhesive  inflammation  is  set  up  in  the  choroid,  which 
aims  at  binding  the  retina  to  itself  by  the  after-contracting  process. 
No  method  of  treatment  is  very  hopeful.  The  retina  may  become 
reattached  for  a time,  but  it  is  frequently  displaced  again  on  the 
patient  resuming  ordinary  routine.  It  is  not  possible  to  overcome 
the  tendency  to  contraction  in  the  vitreous,  and,  if  the  retina  becomes 
reapplied,  it  is  likely  to  be  displaced  again  by  continuance  of  the  con- 
tracting process. 

Other  methods  of  treatment  have  had  success  for  a time.  Schoeler's 
method  of  injecting  iodine  into  the  vitreous  cavity,  which  scored  some 
successes  in  its  author's  hands,  led  to  disastrous  results  in  other  cases. 
Deutschmann’s  method  of  making  a puncture  through  the  sclerotic, 
choroid,  and  retina  into  the  vitreous,  and  cutting  on  each  side  of  this 
track  to  divide  the  bands  in  the  vitreous,  has  not  turned  out  more 
successful  than  other  methods  of  treatment. 

Cysticercus  of  the  Retina.  This  is  a very  rare  disease.  Its  diag- 
nosis depends  mainly  upon  the  appearance  of  the  parasite.  It  is 
subretinal  as  a rule,  it  has  the  appearance  of  a flattened  cyst,  it  is 
light  gray  in  color,  with  light  edges,  and  undergoes  spontaneous  move- 
ment; the  head  may  occasionally  be  made  out.  The  only  treatment 
is  to  cut  down  upon  it  and  remove  the  cyst. 

Injuries  of  the  Retina.  Besides  detachment,  the  retina  sometimes 
after  a blow  on  the  eye  will  be  found  to  have  an  injured  area,  white 
or  nearly  so  in  color,  with  ill-defined  cages.  This  condition,  which 
usually  passes  away  in  a few  days,  is  probably  due  to  a local  trau- 
matic oedema.  It  is  known  by  the  rame  commotio  retince. 

Holes  at  the  Macula.  After  injuries  to  the  eye,  especially  from 
concussion  by  a stone,  ball,  or  olher  large  object,  in  which  the  globe 
is  not  ruptured,  there  is  frequently  associated  with  loss  of  central  vision 
a remarkable  appearance  at  the  yellow  spot.  The  retina  ceases  ab- 
ruptly, so  that  there  appears  to  be  a circular  hole  in  it  at  the  centre 
of  the  yellow  spot,  eqial  to  about  one-third  the  diameter  of  the  disk. 
The  floor  of  the  hole  is  formed  by  the  choroid,  and  is  depressed  a 
measurable  distance  behind  the  retina.  Although  no  pathological 
examination  of  ihe  condition  has  ever  been  made,  it  is  highly  probable 
that  this  appearance  is  really  due  to  a hole  at  the  fovea,  caused  by 
rupture  of  the  retina  by  contrecoup : the  elastic  retina  retracts  and 
leave5?  a clear  round  hole  whose  edges  are  placed  at  a distance  which 
can  be  readily  appreciated  from  the  choroid  behind.  There  is  usually 
i onsiderable  loss  of  vision. 

Glioma  of  the  Retina.  This  is  the  only  form  of  tumor  that  attacks 
the  retina.  It  occurs  in  early  childhood,  before  the  age  of  three 
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years.  It  is  sometimes  congenital,  and  is  met  with  in  rare  cases  at 
a later  age.  It  starts  from  one  of  the  granular  layers  of  the  retina, 
and  either  grows  inward  toward  the  vitreous  or  outward,  producing 
detachment  of  the  retina.  It  consists  of  cells  arranged  in  long  tubes 
around  wide  bloodvessels.  The  cells  vary  in  size  and  shape,  some  cf 
them  being  glia  cells  or  ganglion  cells,  others  being  cylindrical  in 
shape  and  representing  the  layer  of  rods  and  cones.  The  exact  nature 
of  the  glioma  is  still  a matter  of  doubt,  but  it  is  probably  to  be 
regarded  as  an  endothelioma  of  the  retina.  (Fig.  239.) 

The  first  thing  to  call  attention  to  an  eye  affected  with  glioma  is 
the  presence  of  a gray  or  white  reflex  from  behind  the  pupil.  If  the 
eye  be  carefully  examined,  it  will  be  found 
that  there  are  one  or  more  white  masses 
growing  from  the  retina,  containing  blood- 
vessels. There  is  no  pain;  the  eye  is  not 
congested.  At  a later  stage  the  mass  pro- 
jects more  forward  until  it  fills  the  eye. 

Tension  is  usually  raised  during  part  of  the 
time,  and  the  eye  becomes  painful.  In  the 
third  stage,  the  growth  invades  the  optic 
nerve  or  finds  its  way  out  of  the  eye  by 
other  channels,  where  it  forms  masses  which 
fill  the  orbit  and  produce  great  proptosis. 

The  growth  may  find  its  way  backward  to 
the  brain  through  the  optic  foramen;  it  may  invade  the  frontal  lob' 
of  the  brain  by  absorption  of  the  roof  of  the  orbit,  or  it  may  bt 
reproduced  in  other  distant  organs  of  the  body,  chiefly  in  the  liver 
If  left,  the  mass  of  glioma  grows  through  the  front  of  the  eye,  gen- 
erally at  the  sclerocorneal  margin,  and  forms  a fungating  ulcerated, 
bleeding,  painful  mass.  In  its  latest  stages  it  produces  death  from 
exhaustion  or  by  its  attacking  vital  organs. 

Glioma  should  be  distinguished  from  purulent  exudation  into  the 
vitreous — pseudoglioma.  The  absence  of  pain  or  dcrness,  and  in- 
flammation in  the  early  stage,  the  raising  of  the  tension  in  the  later 
stages,  and  the  absence  of  retraction  of  the  periphery  and  of  the  iris, 
help  to  distinguish  it  from  pseudoglioma. 

Treatment.  The  eye  should  be  excised  as  soon  as  the  disease  is  dis- 
covered. If  this  be  done  before  the  growth  escapes  from  the  eyeball, 
there  is  a good  chance  of  cure.  Tf  the  disease  has  advanced  further, 
the  orbit  should  be  emptied,  if  possible,  in  order  to  save  the  child 
from  suffering,  produced  by  the  fungating  mass;  but  in  such  a case 
prognosis  is  very  unfavorable. 

Congenital  Pigmenta  tion  of  the  Retina.  A number  of  cases  of 
pigmentation  of  the  reti.ia  have  been  described  by  various  authors. 
The  pigmentation  occupies  a section  of  the  retina  only,  and  consists 
of  collections  of  small  round  or  angular  masses  of  pigment  grouped 
together  somewhat  like  sarcime.  They  are  unassociated  with  any 
choroidal  change;  they  lie  on  the  surface  of  the  retina,  and  some- 


Fig.  239. 


Glioma  of  the  retina.  (Leber  ) 
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times  cover  the  retinal  vessels.  They  have  been  considered  as  anoma- 
lous forms  of  retinitis  pigmentosa,  but  they  are  not  progressive,  they 
do  not  accompany  loss  of  function  in  the  retina,  and  are  probably 
of  congenital  origin. 

Infantile  Amaurosis.  The  history  given  by  the  parents  in  cases 
of  infantile  amaurosis  is  that  the  child  was  able  to  see  well  and  noticed 
things,  turned  toward  the  light,  grasped  at  objects  held  before  it 
until  the  onset  of  complete  blindness;  this  generally  occurs  under 
twelve  months  of  age.  The  child  may  develop  other  signs  of  illness 
at  the  same  time : general  restlessness,  feebleness  of  limbs  and  of  back, 
or  a condition  of  cervical  opisthotonos.  An  ophthalmoscopic  exami- 
nation in  some  cases  shows  much  dust  exudation  into  the  vitreous, 
with  signs  of  syphilitic  choroidoretinitis ; in  others  optic  neuritis  due 
to  tubercular  meningitis  may  be  present.  But  in  many  of  the  infants 
nothing  can  be  seen  by  the  ophthalmoscope  at  all,  or  a slight  pallor 
only  of  the  disk  is  seen  after  the  blindness  has  continued  for  some 
time.  It  is  in  these  cases  that  retraction  of  the  head  is  most  fre- 
quently met  with.  The  cause  is  a posterior  basic  meningitis  with 
distention  of  the  ventricles  of  the  brain  by  fluid.  It  usually  happens 
that  the  blindness  persists  for  some  months  anti  then  recovery  may 
take  place,  and  even  complete  restoration  of  sight  may  follow.  It 
is  possible  that  the  pupils  may  continue  to  respond  to  light  luring 
the  whole  attack,  showing  that  the  seat  of  disease  is  above  the  basal 
ganglia.  An  opinion  is  also  sought  by  parents  who?"  infants  have 
never  been  able  to  see  at  all;  in  such  cases  the  pupils  may  respond 
actively  to  light,  and  the  optic  nerve  and  retina  ar* perfectly  healthy. 
An  examination  of  the  head  shows  the  skull  tc  be  very  small  in  its 
upper  part,  the  sutures  to  be  prematurely  muted,  and  the  fontanelles 
closed.  Such  children  are  microcephalic  idiots,  and  no  improvement 
is  to  be  expected  in  their  sight;  the  fault  u^s  in  imperfect  development 
of  the  brain. 

Treatment.  The  syphilitic  chomldoretinal  cases  recover  to  a 
great  extent  under  inunctions  of  mercury.  The  posterior  basic  men- 
ingitis cases  recover  if  the  health  of  the  child  is  restored.  The  idiotic 
children  do  not  gain  any  sight,  and,  although  the  condition  of  synos- 
tosis of  the  sutures  has  been  met  by  craniectomy  or  removal  of  a 
portion  of  the  roof  of  .he  skull,  such  measures  probably  do  no  real 
good. 


THE  OPTIC  NERVE. 

The  optic  nerve  has  its  origin  in  the  retina,  passes  through  an 
opening  :n  the  choroid  and  sclerotic,  the  latter  consisting  of  a fenes- 
trated membrane  known  as  the  lamina  cribrosa,  traverses  the  orbit  in 
a double  curve  in  order  to  allow  of  free  movement  of  the  eye,  passes 
through  the  optic  foramen  at  the  apex  of  the  orbit  and  enters  the 
skull.  It  is  there  joined  by  its  fellow  on  the  opposite  side,  to  form 
the  optic  commissure  or  chiasma,  where  semidecussation  of  the  nerves 
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takes  place.  The  two  halves  of  each  nerve  are  continued  backward 
from  the  chiasma  in  one  cord,  the  optic  tract,  which  winds  around  the 
crus  cerebri  and  ends  in  the  basal  ganglia  on  each  side.  The  basal 
ganglia  are  the  external  corpora  geniculata,  the  anterior  corpora  quad- 
rigemina,  and  the  optic  thalami.  From  these  ganglia  fibres  pass  in 
two  main  bodies  to  the  oculomotor  nuclei  and  to  the  cerebral  cortex. 
The  part  of  the  cortex  to  which  they  are  distributed  is  the  mesial 
surface  of  the  occipital  lobe,  the  cuneus,  and  the  neighborhood 
around  the  calcarine  fissure.  It  is  probable  also  that  some  of  the 
optic  nerve  fibres  pass  on  directly  by  the  corona  radiata  to  the  occip- 
ital cortex,  without  entering  the  ganglia.  (Figs.  240  and  241.) 


Fig.  240. 


Optic  radiations.  (Flinger.) 


The  Sheaths  of  the  Optic  Neive.  The  coverings  of  the  optic 
nerve  are  three  in  number,  coi  reminding  with  the  membranes  of  the 
brain.  The  dural  sheath,  continuous  with  the  dura  mater,  forms  a 
loose  covering  to  the  nerve,  the  pial  sheath  closely  surrounds  the 
nerve  and  sends  septa  t^  <mter  its  substance.  Between  these  two  is 
the  intervaginal  space  divided  into  two  by  the  arachnoid.  The  fibres 
of  the  optic  nerve  at  their  entrance  into  the  eye  through  the  lamina 
cribrosa  contain  a medullary  sheath ; as  they  pass  through  this  struc- 
ture they  lose  their  medullary  sheath  and  are  continued  as  translucent 
axis-cylinders  only.  Like  the  rest  of  the  nervous  system,  the  fibres 
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of  the  nerve  are  made  up  of  neurons,  the  cells  of  which  lie  in  the 
ganglion-cell  layer  of  the  retina,  in  close  union  with  the  visual  epi- 
thelium, the  layer  of  rods  and  cones.  At  their  other  ends  the  fibres 
end  in  brushes,  chiefly  in  the  external  geniculate  bodies  and  optic 
thalami.  These  are  known  as  retino-thalamic  neurons  Visual  fibres 


Fig.  241. 


Fig.  242. 


to  the  cortex  also  take  their  origin  in  the  cells  of  the  external  genicu- 
late bodies  and  optic  thalami  and  pass  upward,  to  be  distributed  to 
the  region  of  the  cuneus  and  calcarine  fissure — thalamo-cortical  neu- 
rons. There  are  other  neurons  which 
have  their  nuclei  in  the  basal  ganglia 
and  their  terminal  branches  in  the 
retina,  and  probably  some  also  which 
pass  from  the  retina  through  the 
chiasma  and  optic  tracts  to  the  cor- 
tex direct.  (Plate  XVIII.) 

The  chiasma  lies  in  a groove  at 
the  base  of  the  sphenoid  bone  in 
front  of  the  infundibulum.  In  this 
commissure  the  optic  nerves  un- 
dergo a partial  decussation.  (Fig.  242.)  The  fibres  from  the  right 
half  of  each  retina  meet  in  the  chiasma  and  are  continued  on  in  the 
right  optic  tract;  the  fibres  from  the  left  half  of  each  retina  unite 
in  the  chiasma  to  form  the  left  optic  tract.  The  right  optic  tract 


Decussation  of  optic  nerve  fibres.  (Wells.) 


PLATE  XVIII. 


LEFT  VISUAL  FIELD.  RIGHTV1SUAL  FIELD. 

Fixation  Point.  Fixation  Point. 
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passes  up  to  the  occipital  cortex  of  the  right  side,  the  left  tract  to 
that  on  the  left  side.  From  this  it  will  be  seen  that  the  left  half  of 
the  visual  field  in  each  eye  is  served  by  the  right  optic  tract  and 
right  cortical  visual  centre;  and  the  right  half  of  the  visual  field  in 
each  eye  is  served  by  the  left  optic  tract  and  left  cortical  visual  centre. 
The  division  does  not  pass  directly  through  the  yellow  spot;  if  one 
optic  tract  be  destroyed,  the  edge  of  the  blind  area  does  not  pass 
through  the  yellow  spot,  but  leaves  it  intact  in  each  eye.  This  is 
explained  by  the  yellow  spot  being  supplied  by  fibres  going  through 
each  tract.  As  the  nerve  enters  the  retina,  the  most  peripheral  fibres 
supply  the  parts  around  the  optic  nerve,  and  the  central  fibres  are 
distributed  more  to  the  periphery.  The  fibres  of  the  nerve  which 
supply  the  retina  between  the  papilla  and  yellow  spot,  the  papillo- 
macular  bundle,  are  the  most  important,  as  they  subserve  the  pur- 

Fig.  243. 


Section  of  optic  nerve.  (Graefe-Saemtsoh.' 


poses  of  acute  vision.  Immediately  behind  the  eye  they  occupy 
about  one-third  of  the  area  of  the  nerve,  m the  form  of  a sector  with 
its  apex  at  the  centre  and  base  outward.  Further  back,  these  fibres 
lie  in  the  axis  of  the  nerve.  From  these  anatomical  arrangements 
we  are  able  accurately  to  locals  the  seat  of  some  lesions  of  sight. 
Thus,  if  one  eye  only  be  blind  or  defective,  due  to  a nerve  lesion,  the 
seat  of  it  must  be  anterior  to  the  chiasma,  while  affections  of  vision 
of  conjoint  halves  of  the  retina  are  due  to  disease  of  the  tract  or  of 
the  visual  paths  above  it.  Defects  involving  the  fixation  point,  cen- 
tral scotoma,  are  due  diseases  of  the  papillo-macular  bundle. 

In  bitemporal  hond anopsia  the  seat  of  the  disease  is  in  the  chiasma. 
If  one  optic  tract,  ue  affected,  producing  blindness  of  the  same  side 
of  each  retina,  a condition  known  as  homonymous  hemianopsia,  the 
pupils  will  not  react  to  light  thrown  upon  the  blind  halves  of  the 
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retina,  but  they  will  react  to  light  thrown  upon  the  seeing  halves 
(Wernicke’s  hemiopic  pupillary  reaction).  In  this  case,  where  the 
pupillary  light  reflex  is  interfered  with,  the  lesion  must  be  in  the 
optic  tract  below  the  corpora  quadrigemina,  inasmuch  as  the  path  of 
the  pupillary  light  reflex  is  from  the  optic  tract  to  the  corpora  quad- 
rigemina, thence  to  the  third  nerve  nucleus,  and  outward  along  the 
third  nerve  to  the  pupil.  If  the  pupils  respond  to  light  thrown  on 
both  halves  of  the  retinae,  the  lesion  is  higher  up,  either  in  the  optic 
thalamus,  internal  capsule,  or  the  cortex. 


Fig.  244. 


^IeKardy  perimeter. 


In  diseases  of  the  opti-  nerve  the  sight  may  be  impaired  in  various 
ways,  central  or  peripheral  vision  may  be  interfered  with,  the  vision 
in  each  eye  may  be  lost,  or  the  perception  of  colors  may  be  destroyed. 

Peripheral  vision  implies  the  perception  of  objects  all  around  the 
point  directly  looked  at.  Thus,  if  we  cross  a street,  although  we  may 
be  looking  directly  in  front  of  us,  we  are  conscious  of  the  movement 
or  approach  of  vehicles  on  each  side  of  us.  We  are  also  able  to  appre- 
ciate generally  the  quality  of  the  surface  on  which  we  are  walking,  and 
to  avoid  obstacles  in  our  path  without  directly  looking  at  them.  If 
thw  power  were  absent,  as  it  is  in  some  diseases,  we  should  be  in  the 
position  of  a person  looking  down  a long  tube;  it  would  be  difficult 
for  us  to  find  our  way  about;  all  power  of  orientation  would  be  lost. 
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The  whole  area  from  which  the  eye  is  capable  of  receiving  impres- 
sions is  called  the  field  of  vision,  and  it  is  capable  of  being  measured 


Fig.  245. 
Right  Eye 


Normal  field. 
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in  several  ways:  by  the  hand,  by  light  moved  before  the  eye,  or  more 
accurately,  by  an  instrument  called  the  perimeter.  (Fig.  244.)  In 
measuring  the  field  by  the  hand,  the  patient  is  placed  with  his  back 

Fig.  247. 

Eight  Eye 


Eccentric  contraction  of  field  as  seen  in  gray  atrophy  of  the  optic  nerve. 


Fig.  248. 


Left  Eye 
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to  the  light,  the  hand  held  in  various  positions  before  him,  and  he  is 
asked  to  point  out  its  direction,  at  the  same  time  keeping  his  eye 
' fixed  on  the  observer’s  face,  directly  in  front  of  him.  A small  piece 

Fig.  249. 


Right  Eye 


Fig.  250. 
Left  Eye 
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of  white  paper  may  be  used  with  the  same  object.  If  the  sight  is 
impaired  by  disease  of  the  front  of  the  eye,  we  can  get  some  knowl- 
edge of  the  condition  of  the  visual  field  by  holding  a candle  in 
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various  positions  before  the  eye,  or  by  throwing  upon  the  eye  the 
light  reflected  from  an  ophthalmoscope  mirror — the  projection  test. 

The  perimeter  consists  of  a quarter  or  half-circle  of  metal,  revolving 
around  a fixed  point,  at  which  is  placed  a small  white  spot,  the  object 
to  be  looked  at  by  the  eye  under  examination,  the  fixation  point.  The 
eye  is  placed  at  the  centre  of  the  circle,  and  another  white  spot  is 
made  to  travel  along  the  circle  from  the  fixation  point  until  it  can  no 
longer  be  seen ; the  point  of  its  disappearance  is  the  limit  of  the  visual 
field  in  that  direction.  In  practice  it  is  customary  to  start  with  the 
travelling  spot  at  the  extreme  periphery,  and  to  mark  as  the  outer 
limit  of  the  visual  field  the  place  at  which  it  first  becomes  visible  as 
a distinct  spot  of  white  This  limit  is  a constant  one  in  healthy  eyes. 
The  visual  field  extends  about  95°  to  the  temporal  side,  about  60° 
upward,  50°  inward,  and  80°  downward.  (Figs.  245  and  246.)  The  limit 
upward  and  inward  varies  with  the  prominence  of  the  brow  and  nose, 
but  it  is,  apart  from  this,  less  than  in  the  temporal  direction.  The  size 
of  the  travelling  spot  used  varies  according  to  the  degree  of  affection 
of  sight.  It  is  well  to  use  as  small  a spot  as  can  be  seen  with  ease  for 
this  purpose;  5 mm.,  2\  mm.,  or  even  smaller  spots  may  be  used. 
But  where  the  acuteness  of  sight  is  much  reduced,  it  is  necessary  to 
use  spots  10  mm.,  15  mm.,  or  20  mm.,  in  diameter.  In  doubtful 
cases  it  is  also  desirable  to  take  the  field  with  diminished  illumina- 
tion. The  color  fields  may  be  taken  in  the  same  way  as  the  field 
for  white  by  using  a small  colored  object  instead  of  a white  one. 
The  size  of  the  color  field  varies  with  the  size  of  the  object  and  the 
brightness  of  the  illumination.  With  very  bright  light  and  a suffi- 
ciently large  mass,  color  can  be  recognized  at  the  extreme  periphery 
of  the  visual  field,  but  with  small-sized  objects  the  peripheiy  of  the 
retina  is  incapable  of  appreciating  their  color.  The  field  foi  olue  is 
the  next  in  size  to  white,  then  follows  red,  and,  lastly  green.  It  is 
important  to  take  the  color  fields  in  some  cases  of  optic  nerve  disease, 
as  the  test  is  a more  delicate  one  than  that  for  a white  sj.ot,  and  often 
indicates  very  early  stages  of  optic  nerve  atrophy.  (Figs.  247  and  248.) 
Defects  in  the  field  of  vision  may  take  the  form  of  a concentric  con- 
traction, or  they  may  be  limited  to  one  portion  of  the  field,  such  as  a 
sectional  area  triangular  in  shape,  with  its  apex  at  the  centre,  its 
base  at  the  periphery  (Figs.  249  and  T^C) ; or  there  may  be  gaps  in 
the  field  or  blind  spots  of  various  shapes.  These  are  known  as  scoto- 
mata, and  may  be  either  at  the  point  of  fixation — central  scotoma 
(Fig.  251);  or  outside  it — paracentral  scotoma.  They  may  form  a 
blind  ring  around  the  fixation  point — ring  or  annular  scotoma;  or 
they  may  be  situated  in  ether  parts  of  the  field,  where,  as  a rule, 
they  are  of  little  practical  significance.  (Fig.  252.)  It  should  be 
noted  that  the  entrance  of  the  optic  nerve  into  the  eye,  inasmuch  as 
it  contains  no  retinal  elements,  is  a blind  spot.  It  is  placed  about 
15°  outside  the  fixation  point.  (Figs.  245  and  246.) 

Scotomata  may  be  either  positive  or  negative:  positive  when  they 
form  a dark  j^pot  in  the  field  of  vision,  which  the  patient  is  conscious 
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of ; and  negative  when  they  form  merely  a gap  in  the  field  which  is 
blind,  but  which  is  not  objectively  present  as  a dark  area  to  the 
patient.  Again,  scotomata  are  either  absolute  or  relative:  absolute 
when  all  perception  is  lost,  relative  when  perception  is  merely  dulled. 
Thus,  a scotoma  is  said  to  be  absolute  when  all  perception  of  light 
and  form  is  lost  in  it;  relative,  when  there  is  loss  of  perception  of 
color  only. 

The  Light  Sense.  (See  page  35.) 

Congenital  Peculiarities. 

Coloboma  of  the  Sheath  of  the  Nerve.  This  condition,  due  to 
imperfect  closure  of  the  foetal  cleft  in  the  nerve,  is  sometimes  asso- 
ciated with  coloboma  of  the  choroid  and  sometimes  occurs  indepen- 
dently. It  appears  as  a very  large  and  deep  excavation  of  the  lower 
part  of  the  nerve,  the  whole  disk  being  sometimes  very  much  enlarged. 

Opaque  nerve  fibres  are  seen  on  the  disk  alone  sometimes,  but  they 
generally  spread  out  over  the  retina.  (See  Retina.) 

Pigmentation  of  the  Nerve.  The  optic  nerve  is  sometimes  very 
highly  colored,  of  a dull  red-gray  hue;  this  condition,  which  may  be 
mistaken  for  optic  neuritis,  is  congenital. 


Fig.  253. 


Acute  op+ic  neuritis.  Note  disk  much  swollen:  estimated  at  -f  7 D.  Edge  indistinct;  vessels 
obscurd  at  eu*'e;  large  number  of  hemorrhages  around  the  disk,  patches  of  oedema  in  the  retina, 
veil  s very  tortuous. 


Inflammation  of  the  Optic  Nerve:  Optic  Neuritis.  Inflammation 
of  the  optic  nerve  may  take  place  at  any  point  in  the  course  of  the 
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nerve.  If  the  intra-ocular  portion  is  affected,  the  disease  is  spoken 
of  as  papillitis;  but  if  the  trunk  of  the  nerve  only  is  affected,  the 
inflammation  does  not  show  itself  ophthalmoscopically  in  the  head 
of  the  nerve,  and  it  is  known  as  a retrobulbar  or  retro-ocular  neuritis. 
(Fig.  253.) 

Papillitis.  Inflammation  of  the  Head  of  the  Optic  Nerve.  This 
shows  itself  in  two  main  forms,  but  there  is  no  sharp  line  of  divi- 
sion between  them,  and  many  cases  have  characteristics  which  will 
bring  them  under  each  heading. 

1.  The  swelling  is  sharply  limited  to  the  disk;  in  the  earliest  stages 
the  edges  of  the  disk  appear  blurred  ; the  natural  striation  of  the  retina 

Fig.  254. 


Swollen  disk  in  a case  of  chronic  men  ngith.  (Liebreicit.) 

at  the  edge  of  the  disk  is  more  marked;  at  the  same  time  the  disk 
itself  becomes  redder  in  color,  the  veins  are  full  and  show  tortuosity, 
with  a tendency  to  disappear  into  the  oedematous  retina  at  the  edge 
of  the  disk.  (Fig.  254.)  The  vessels  as  they  emerge  from  the  central 
pit  appear  to  come  markedly  forward,  and  a movement  of  parallax 
is  obtained  against  the  background  of  the  nerve.  By  this  test,  if 
the  vessels  be  kept  in  vkw  while  the  head  of  the  observer  is  made 
to  move  a little  from  side  to  side,  they  will  appear  to  move  against 
the  edge  of  the  chsK  behind  them,  showing  that  they  are  not  in  con- 
tact with  it,  but  lie  at  some  distance  in  front  of  it.  As  the  disease 
advances  the  papilla  becomes  more  and  more  prominent  and  stands 
out  into  the  vitreous.  The  nerve  may  be  increased  in  redness,  or 
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it  may  become  pale  from  pressure  on  it,  and  may  contain  masses  of 
exudation.  The  arteries  are  small,  the  veins  very  full  and  tortuous; 
where  the  vessels  pass  over  the  edge  of  the  disk  they  may  disappear 
into  the  cedematous  retina  or  behind  the  prominent  and  overhanging 
head  of  the  nerve.  The  amount  of  swelling  should  be  estimated  by 
the  direct  method  with  the  ophthalmoscope.  At  the  same  time  num- 
bers of  retinal  hemorrhages  may  appear  around  the  disk.  The  retina 
between  the  disk  and  yellow  spot  is  frequently  cedematous,  and  is 
thrown  into  folds  radiating  from  the  yellow  spot  and  containing 
degenerated  products  of  inflammation  similar  to  those  that  have  been 
described  in  albuminuric  retinitis.  As  the  inflammation  subsides, 
the  vessels  gradually  regain  their  normal  appearance.  The  swelling 
and  oedema  disappear;  the  disk  is  left  permanently  pale,  but  signs 
of  past  inflammation  show  themselves  in  the  edge  of  the  disk  and 
along  the  vessels.  This  variety  of  optic  neuritis  is  known  as  choked 
disk . 

2.  In  the  other  form,  descending  neuritis , the  inflammation  is  not 
confined  strictly  to  the  papilla;  it  extends  for  some  distance  into  the 
retina.  Thus  we  find  a small  degree  of  swelling,  but  more  oedema 
of  the  retina  and  more  hemorrhages  with  white  areas  of  exudation 
into  the  retina.  It  is  difficult  sometimes  to  decide  from  the  ophthal- 
moscopic examination  alone  whether  we  have  to  deal  with  an  albu- 
minuric retinitis  or  with  an  optic  neuritis  due  to  intracranial  disease. 
But,  as  a rule,  there  is  less  swelling  of  the  optic  nerve  iu  albuminuric 
retinitis  than  in  optic  neuritis.  The  urine  should  La  examined,  as 
albumin  is  not  generally  present  in  optic  neuritis. 

Causes.  Optic  neuritis  may  be  caused  by  a local  disease  in  the 
brain  or  by  some  general  poison.  The  local  disease  is  generally  of 
an  irritating  kind:  meningitis  or  a tumor  The  meningitis  is  either 
acute  or  chronic;  it  may  be  due  to  middle  ear  disease  or  septic  throm- 
bosis in  the  cavernous  sinus,  to  abscess  of  the  brain,  to  tubercle, 
generally  in  the  form  of  miliary  tuberculosis  of  the  meninges  in  young 
children;  it  may  be  due  to  posterior  ^asic  meningitis  caused  by  pneu- 
mococcus infection,  or  to  hydrocephalus.  It  is  caused  in  rare  cases 
by  spinal  cord  disease,  such  as  acute  myelitis  or  cerebro-spinal  menin- 
gitis. The  tumors  include  intracranial  growths  of  every  kind,  glio- 
mata, sarcomata,  tuberculous  masses.  Gummata  are  the  most  common 
causes  of  optic  neuritis.  In  about  80  per  cent,  of  cerebral  tumors 
optic  neuritis  is  present,  although  its  occurrence  may  be  late  in  the 
course  of  the  disease.  The  seat  of  the  growth  beajs  no  relation  to 
the  extent  cr  duration  of  the  disease;  thus,  a growth  in  the  spinal 
cord  may  give  rise  to  a well-marked  papillitis,  whereas  extensive  glio- 
matous  change  in  the  frontal  lobes  may  exist  for  a long  time  without 
producing  optic  neuritis.  Non-irritating  diseases,  such  as  hemor- 
rhages, cysts  like  cysticercus  or  aneurism,  are  not  generally  followed 
by  optic  neuritis.  The  presence  of  a gumma  in  the  brain  not  in 
connection  with  the  optic  nerves  and  acting  after  the  manner  of  a 
cumor  may  produce  neuritis.  A gumma  may  also  be  formed  in  the 
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optic  tracts  or  chiasma  directly,  or  it  may  in  some  cases  form  in  the 
head  of  the  optic  nerve  itself— syphilitic  papillitis. 

The  neuritis  is  generally  double,  but  inflammation  about  the  apex 
of  the  orbit,  the  optic  foramen,  the  sphenoidal  fissure,  erysipelas  of 
the  head  extending  to  the  orbit,  or  distention  of  some  of  the  fossa?  of 
the  nose  pressing  on  the  nerve,  may  give  rise  to  an  optic  neuritis 
confined  to  one  side  only. 

The  general  or  systemic  causes  of  optic  neuritis  may  be  pneumonia; 
exanthematic  fevers,  such  as  influenza,  typhoid,  measles,  scarlet  fever, 
etc.;  severe  amemia,  lead-poisoning,  suppression  of  menstruation, 
post-partum  conditions,  or  sudden  loss  of  blood. 

Course  and  Symptoms.  The  optic  neuritis  may  exist  for  a long 
time  without  discovery,  the  failure  of  sight  being . often  so  slight 
as  to  be  unnoticed  by  the  patient.  If  the  attack  is  rapid  and  not 
severe,  the  optic  nerve  may  recover  and  only  show  by  the  ophthal- 
moscope that  it  has  passed  through  a condition  of  neuritis.  On 
the  other  hand,  the  failure  of  sight  is  sometimes  very  sudden  and 
complete.  In  one  case  the  failure  was  so  sudden  that  the  patient 
complained  that  someone  had  turned  down  the  gas.  Failure  may 
go  on  to  complete  blindness,  and  yet  recovery  may  take  place;  in 
other  cases  vision  fluctuates  very  much.  Occasionally  cases  are  met 
with  presenting  all  the  signs  of  cerebral  tumor:  headache,  vomiting, 
optic  neuritis;  the  optic  neuritis  may  subside,  leaving  the  disk  more 
or  less  atrophic  and  the  vision  impaired;  the  other  symptoms  maj 
cease  and  the  patient  may  be  restored  to  a condition  of  perfect  health. 
Others  again,  especially  children,  pass  through  a very  severe  attack  of 
double  optic  neuritis  without  the  general  health  appearing  o saber 
in  any  way  at  the  time,  and  recover  with  permanently  pale  disks, 
and  never  have  another  attack.  It  is  probable  that  the  cause  of  the 
neuritis  in  many  such  cases  is  tubercular  meningitis,  which  has  been 
recovered  from,  or  a mass  of  tubercle  lying  in  the  hi  am,  shut  off  from 
the  tissues  wound  it.  A temporary  disturbance  in  the  mass  of  tubercle 
sets  up  an  inflammation  around  it,  produces  neuidis,  and  then  rapidly 
subsides,  giving  no  further  trouble.  In  other  cases  the  quiescence 
is  not  permanent,  but  recurrences  of  ceiebral  irritation  follow  at  long 
intervals,  the  patient  being  in  good  health  between  them.  Each 
attack  corresponds  to  a period  of  advance  in  some  slowly  growing 
cerebral  neoplasm.  One  such  case  was  that  of  a girl  of  about 
eighteen,  who  is  still  under  observation,  who  has  been  known  to 
have  had  optic  atrophy  folio  vlng  neuritis  for  ten  years.  She  has 
periods  of  good  health,  and  then  attacks  of  very  intense  pain  in  the 
head,  vomiting,  delirium,  etc.,  recurring  at  intervals  of  several  months. 

. In  one  of  these  attacks  she  had  violent  epileptic  fits,  which  produced 
petechial  hemorrhage^  of  the  conjunctiva  and  face.  The  disks  are 
quite  white  and  s.ie  is  practically  blind;  although  she  has  central 
vision  of  A,  it  1?  at  such  a pin-point  area  in  the  centre  of  the  blind 
visual  fieVl  tl  at  it  is  with  the  utmost  difficulty  that  she  can  find  the 
object  she  wishes  to  look  at. 
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The  attacks  vary  very  much  in  their  duration;  some  of  them  are 
very  rapid  and  pass  away  entirely  in  a few  weeks,  ending  in  recovery 
with  or  without  destruction  of  sight ; in  others  the  condition  is  very 
chronic,  the  appearance  of  neuritis  in  the  disk  being  present  for 
months.  As  a rule,  attacks  are  single,  but  cases  have  been  described 
by  Anderson,  Gowers  and  others  in  which  second  attacks  have  been 
observed,  and  Gunn  has  seen  optic  neuritis  occur  in  a well-developed 
form  in  a disk  which  had  previously  been  noted  to  be  atrophic. 
Optic  neuritis  occurring  during  or  after  pregnancy  is  probably  due  to 
some  toxic  condition  arising  from  the  uterus.  It  subsides  after  a time 
without  much  impairment  of  vision. 

Anaemia  may  give  rise  to  the  most  severe  optic  neuritis  and  very 
great  swelling  of  the  disk.  This  may  be  a simple  swelling  consisting 
mainly  of  oedema,  or  it  may  be  accompanied  by  large  numbers  of 
retinal  hemorrhages  and  exudations  into  the  retina.  Optic  neuritis 
due  to  anaemia  is  often  very  sudden  in  its  onset.  It  presents  a con- 
trast to  that  occurring  in  cerebral  tumor.  In  addition  to  making  an 
examination  of  the  general  state  of  health  of  the  patient,  with  analysis 
of  the  urine,  it  is  advisable  here  to  make  an  examination  of  the  blood, 
counting  the  number  of  corpuscles. 

Suppression  of  menstruation  from  exposure  to  cold  is  said  to  cause 
rapid  failure  of  sight  after  optic  neuritis.  It  is  possible  that  many 
such  causes  may  come  under  the  heading  of  anaemic  01  c hlorotic 
neuritis. 

Optic  neuritis  in  lead-poisoning  varies  in  degree  from  the  slightest 
haze  of  the  disk  to  a severe  acute  swelling  of  the  disk  with  hemor- 
rhages. It  sometimes  extends  widely  into  the  retina,  producing  an 
ophthalmoscopic  appearance  not  much  distinct  from  albuminuric 
retinitis  of  granular  kidney.  In  this  case  it  is  probable  that  the 
cause  lies  in  the  granular  condition  of  th^  kidneys,  caused  by  Bright's 
disease,  which  is  very  likely  to  occur  in  those  suffering  from  lead 
intoxication.  The  urine  should  be  examined,  and  other  signs  of  lead- 
poisoning sought  for,  such  as  the  prt  sence  of  a blue  line  on  the  gums. 

Spurious  Optic  Neuritis.  Mer.tic  n must  be  made  here  of  a condition 
of  the  disk,  which  is  sometimes  met  with,  resembling  optic  neuritis 
in  the  acute  stage.  The  disk  is  red,  congested,  with  blurred  edges, 
and  a measurable  amount  jf  swelling,  or  it  may  appear  blurred  and 
rather  pale,  as  in  a subsiding  neuritis.  The  vision  of  the  eye  is  normal, 
the  visual  fields  arc  normal,  the  color  vision  and  the  light  sense  are 
normal,  and  there  is  no  history  of  any  previous  defect  of  sight.  Many 
of  these  cases  have  been  watched  for  years  and  no  change  has  been 
noticed  in  the  ophthalmoscopic  appearances.  A smaller  degree  of  the 
same  condition  is  not  uncommonly  met  with  in  the  red  and  streaked 
disk  of  hypermetropia.  In  both  of  these  conditions  the  appearance 
of  neuritis  is  probably  due  to  a congenital  peculiarity  of  the  optic 
papilla. 

'Jause.  The  causes  of  optic  neuritis  in  their  relation  to  cerebral 
tumor  have  been  discussed  at  great  length  by  many  writers.  Von 
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Graefe  explained  it  as  being  a swelling  produced  by  a blocking  of  the 
cavernous  sinus  and  of  the  tributary  ophthalmic  vein,  hence  the 
name  “choked  disk.”  Schmidt-Rimpler  and  Manz  showed  that  the 
fluid  displaced  by  a cerebral  tumor  found  its  way  into  the  lymph 
spaces  of  the  optic  nerve,  the  intersheath  spaces  became  distended 
with  fluid,  especially  at  the  ocular  end,  where  there  is  an  ampulla-like 
enlargement  of  the  intersheath  space.  The  pressure  of  this  fluid 
passed  into  the  optic  nerve  and  compressed  the  retinal  vessels,  by 
which  the  thin-walled  veins  were  affected  more  than  the  arteries. 
Hence,  a hindrance  to  the  exit  of  fluid  was  produced,  which  gave 
rise  to  the  choked  disk  appearance.  According  to  Leber,  the  presence 
of  this  fluid  sets  up  a toxic  condition  and  gives  rise  to  an  inflamma- 
tion of  the  nerve.  Other  writers  have  held  that  the  neuritis  is  a 
true  descending  one;  they  have  shown  that  there  is  an  increased  cel- 
lular exudation  in  the  tissues  surrounding  the  cerebral  tumor,  which 
extends  the  whole  way  from  the  tumor  to  the  nerve  and  along  the 
latter  to  the  eye.  Whether  this  be  the  fact  or  not,  there  can  be  no 
doubt  that  a great  deal  of  the  swelling  in  choked  disk  is  caused  by 
the  pressure  of  fluid  in  the  cranial  cavity,  and  secondarily  in  the 
subarachnoid  space  of  the  nerve,  inasmuch  as  relief  of  pressure 
causes  reduction  of  the  swelling  in  the  disk.  The  results  of  Hors- 
ley’s work  have  shown  that  trephining  the  skull  in  cases  of  cerebral 
tumor  causes  diminution  in  the  optic  neuritis,  even  when  it  has  been 
found  impossible  to  remove  the  tumor. 

Prognosis  and  Treatment.  The  prognosis  depends  very  much  on 
the  nature  and  cause  of  the  neuritis.  In  a case  of  cerebral  tumor 
which  is  incapable  of  removal,  and  which  is  steadily  growing,  the 
prognosis  is  serious ; the  treatment  is  that  of  the  cerebral  temor.  But 
even  if  the  tumor  be  necessarily  progressive  and  incapable  of  removal, 
life  may  still  last  many  years,  and,  if  the  sight  can  be  saved,  it  should 
be  done.  It  may  be  said  that  the  operation  of  incising  .he  distended 
sheath  of  the  nerve  behind  the  eye  offers  no  presppct  of  relief,  but 
the  results  of  Horsley’s  work  give  great  hope  of  Gssening  and  even 
of  stopping  the  optic  neuritis  by  trephining  the  skull  and  relieving 
intracranial  pressure.  In  suitable  cases  this  plan  should  be  carried 
out;  it  is  scarcely  necessary  to  use  it  wk°re  the  optic  neuritis  is  not 
very  severe  and  does  not  interfere  much  with  the  vision.  Much 
reduction  in  the  amount  of  swelling  can  also  be  sometimes  obtained 
by  the  use  of  iodide  of  potassium.  In  chlorosis  the  prognosis  is  good, 
but  it  depends  on  an  early  recognition  of  the  cause.  Treatment 
should  be  in  the  main  by  iron,  aided  sometimes  by  arsenic  and  by 
regulating  the  other  factors  of  health,  especially  by  relieving  con- 
stipation. In  cases  associated  with  disorders  of  menstruation  hot 
baths  should  be  given  and  leeches  applied  to  the  temple.  In  the 
acute  specific  fevers  the  prognosis  is  good  and  treatment  calls  for  no 
special  remark  In  lead-poisoning  the  prognosis  is  not  very  good; 
the  cases  go  or.  frequently  to  atrophy,  and  the  possibility  of  renal 
complications  arising  should  be  borne  in  mind.  The  treatment  is 
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that  of  lead-poisoning  generally.  The  cases  occurring  in  pregnancy 
recover  without  going  on  to  complete  blindness;  they  require  no 
special  ocular  treatment.  The  syphilitic  cases  should  be  treated 
according  to  the  seat  of  the  syphilitic  lesion.  If  it  be  a local  affec- 
tion of  the  head  of  the  nerve,  syphilitic  optic  neuritis,  inunction  of 
mercury  should  be  used ; if  this  be  carried  out  efficiently  in  the  early 
stage,  the  prospect  of  recovery  is  good.  In  the  other  class  in  which 
the  optic  neuritis  is  secondary  to  gummatous  disease  of  the  brain, 
the  prognosis  is  less  good  and  the  treatment  should  be  in  the  main 
by  iodides. 

Retrobulbar  Neuritis.  Retrobulbar  neuritis,  the  other  main  form 
of  inflammation  of  the  optic  nerve,  as  distinguished  from  papillitis, 
shows  itself  by  changes  in  the  nerve  behind  the  eye,  and  only  appears 
in  the  papilla  at  a later  stage.  It  produces  a diminution  of  central 
vision,  the  general  area  of  the  visual  field  being  unchanged.  It  has 
been  investigated  by  many  observers,  of  whom  the  earliest  were 
Samelsohn  and  Nettleship.  The  results  of  their  investigations  showed 
that  it  was  the  papillo-macular  bundle  of  fibres  employed  in  central 
vision  which  was  affected.  The  papillo-macular  fibres  supply  the 
yellow  spot  region,  and  in  the  optic  nerve  occupy  the  temporal  side 
of  the  disk.  In  the  anterior  part  of  the  nerve  behind  the  eye  they 
form  a wedge-shaped  segment,  whose  apex  is  toward  the  « entre, 
and  base  toward  the  temporal  border  of  the  nerve.  Further  back 
in  the  nerve  these  fibres  occupy  a more  central  positioi.  and  do  not 
reach  the  edge  of  the  nerve;  in  the  skull  they  form  an  o val  mass  below 
and  to  the  temporal  side  of  the  centre.  In  inflammation  of  this 
bundle  of  fibres  there  are  proliferation  of  the  c°ils  of  the  neuroglia, 
engorgement  of  vessels,  and  interstitial  neuritis,  and  at  a late  stage 
degeneration  of  the  axis-cylinders  from  pressure.  The  effect  on 
vision  of  this  inflammation  of  the  papillo-macular  fibres  is  the  for- 
mation of  a blind  spot  in  the  visual  field,  extending  from  the  nasal 
side  of  the  point  of  fixation  longitudinally  outward  as  far  as  the 
normal  blind  spot.  The  density  of  the  scotoma  varies  from  an  ina- 
bility to  distinguish  color  or  a lessened  perception  of  color  at  the 
centre — relative  color  scotoma— to  a loss  of  perception  of  form — 
absolute  scotoma.  The  causes  may  be  classified  according  to  their 
seat  and  nature  into:  Local  causes — orbital  cellulitis,  erysipelas,  local 
periostitis,  syphilitic  or  not;  tubercle  or  septic  inflammation  from 
the  neighboring  sinuses;  of  these,  the  sphenoidal  sinus  is  the  most 
likely  one  to  give  trouble,  as  it  is  separated  from  the  optic  nerve  by 
only  a thin  layer  of  bone.  General  causes  : gout,  diabetes,  the 
various  poisons,  general  septicaemia,  hereditary  retrobulbar  neuritis, 
and  disease  occurring  in  the  optic  nerve  as  part  of  the  nervous  system 
generally.  The  disease  shows  itself  in  an  acute  and  a chronic  form. 

Acute  Retrobulbar  Neuritis . This  is  manifested  by  a rapid  failure 
of  sight  on  one  eye,  generally  preceded  by  neuralgic  pain  in  the  tem- 
ple, pain  in  pressing  the  eyeball  back  into  the  orbit,  and  in  movement 
of  the  eye  from  side  to  side.  As  a consequence  of  the  pain  elicited 
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by  movement  of  the  eyes,  they  are  frequently  kept  closed.  At  fust 
there  is  scarcely  any  ophthalmoscopic  change,  but  later  on  the  disk 
becomes  paler  and  the  vessels  may  become  contracted,  the  pupils 
are  dilated  and  somewhat  inactive  to  light;  or  if  the  reaction  is  good, 
it  will  be  found  that  the  contraction  on  exposure  to  light  is  not  main- 
tained, the  pupil  quickly  rebounds. 

Failure  of  sight  goes  on  increasing  for  four  or  five  days,  reaches  its 
height,  and,  after  a week  or  so,  begins  to  recover  slowly,  the  period 
of  recovery  occupying  a month  or  six  weeks.  The  defect  is  often 
described  as  a mist  or  dark  spot  which  covers  the  objects  looked  at, 
and  gives  the  appearance  of  a gray-brown  spot  on  a white  surface. 
The  vision  is  worse  in  bright  light  and  improves  after  rest,  as  in 
the  early  morning  after  a night’s  rest.  This  effect  of  bright  light 
is  probably  caused  by  over-stimulation  of  the  weakened  nerve  ele- 
ments or  by  their  imperfect  insulation.  It  was  noted  by  Berry  as  a 
point  of  difference  between  papillitis  and  retrobulbar  neuritis  that 
the  light  difference,  as  tested  by  Bjerrum’s  types,  was  scarcely  present 
at  all  in  papillitis,  but  was  strongly  marked  in  retrobulbar  neuritis. 
The  visual  fields  are  not  contracted  in  the  ordinary  cases,  but  there 
is  a central  defect  of  vision  extending  from  the  yellow  spot  and 
including  the  optic  nerve  entrance.  Sometimes,  however,  central 
vision  does  not  fail,  but  a peripheral  contraction  of  the  visual  field 
may  be  present,  as  in  the  case  of  periostitis  in  the  optic  canal,  when 
the  defect  in  the  visual  field  corresponds  to  the  seat  of  pressure  on 
the  nerve.  Hock  believes  that  it  is  possible  to  indicate  the  seat  of 
the  disease  by  the  direction  of  the  movement  of  the  eye,  whmh  pro- 
duces pain,  this  being  due  to  stretching  of  the  sheath  of  thi  nerve. 
Thus,  pain  on  looking  up  would  indicate  the  lower  part  of  the  sneath 
of  the  nerve  as  the  seat  of  the  inflammation,  and  the  upper  part  of 
the  visual  vessel  as  contracted.  This  is  certainly  not  always  true. 
After  recovery  has  set  in,  the  process  may  continue  until  the  sight 
is  quite  restored  to  the  normal,  or  there  may  be  permanent  loss  of 
vision.  In  those  cases  where  the  focus  of  the  disease  is  close  behind 
the  eye,  the  papilla  is  involved,  and  it  is  net  tasy  to  distinguish  the 
case  from  one  of  ordinary  papillitis.  In  ordinary  papillitis  the  failure 
of  sight  comes  on  later  in  the  disease,  evto  after  the  attack  has  begun 
to  subside,  while  in  retrobulbar  neuritis,  failure  of  sight  occurs  at 
the  very  beginning. 

Treatment.  In  addition  to  the  treatment  of  whatever  may  be 
the  obvious  underlying  cause  of  neuritis,  such  as  syphilis,  tubercle, 
gout,  etc.,  much  may  be  done  in  the  way  of  local  measures.  Dark 
glasses  or  goggles  should  be  worn  in  bright  light;  leeches  or  the  arti- 
ficial leech,  or  blisters  should  be  applied  to  the  temple  and  all  use 
of  the  eyes  forbidden.  Iodide  of  potassium  should  be  given  and  any 
local  disease  in  the  nose  should  be  dealt  with. 

Chronic  Ret-oculbar  Neuritis.  Under  this  heading  we  find  the 
various  forms  of  toxic  amblyopia,  the  most  common  of  which  is  that 
produced  by  tobacco  or  tobacco  combined  with  alcohol.  Other 
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causes  are  bisulphide  of  carbon,  used  in  the  curing  of  vulcanite, 
iodoform,  occasionally  seen  after  its  use  in  surgery;  nitrobenzol, 
dynamite,  methyl  alcohol,  lead,  male  fern,  pomegranate  root,  Jamaica 
ginger,  and  other  substances. 

The  question  of  the  existence  of  pure  alcoholic  amblyopia  appears 
now  to  be  established  in  the  affirmative,  but  for  a long  time  it  was 
a much  disputed  point,  for  no  case  of  amblyopia  was  met  with  in 
which  there  was  an  entire  absence  of  the  use  of  tobacco.  Alcohol 
does  undoubtedly  frequently  influence  the  course  and  nature  of  the 
tobacco  amblyopia.  The  worst  cases  met  with  and  the  ones  which 
result  in  imperfect  recovery  are  those  in  which  considerable  amounts 
of  alcohol  have  been  taken  in  addition  to  the  use  of  tobacco. 

Diabetic  Amblyopia.  The  question  of  amblyopia  has  also  been 
discussed  from  the  point  of  view  of  its  association  with  diabetes  as 
a cause.  Undoubtedly  diabetics  are  very  susceptible  to  the  influence 
of  tobacco,  which  is  apt  to  produce  in  them  a toxic  amblyopia.  The 
rapidity  with  which  this  may  be  brought  about  is  shown  by  the  case 
of  a patient,  aged  fifty-four  years,  who  had  been  known  to  have  dia- 
betes for  at  least  two  years.  About  four  months  before  he  was  first 
seen  he  had  retired  from  active  work,  and,  time  being  heavy  on  his 
hands,  he  had  taken  to  smoking  for  the  first  time  in  his  life.  He 
smoked  very  moderately— not  more  than  one  pipe  a day— and  his 
sight  began  to  fail  about  three  months  after  beginning  to  smoke  and 
about  one  month  before  he  was  seen.  His  sight  at  thar  time  was 
U-  VV;  L.  He  had  a central  color  scotoma,  no  contraction  of 
his  visual  fields;  his  optic  disks  were  rather  pale,  th  at  once  dis- 
continued tobacco,  but  his  sight  continued  to  fail,  and  two  months 
later  was  reduced  to  in  each  eye.  His  op+ic  nt  ves  were  then  very 
pale.  Although  most  of  the  diabetics  who  have  come  under  obser- 
vation with  central  scotoma  have  been  users  of  tobacco,  a few  cases 
have  been  met  with,  some  of  them  among  women,  in  which  there 
appeared  to  be  no  cause  for  amblyopia  apart  from  the  diabetes 
itself. 

Pathology.  The  changes  that  have  been  found  post-mortem  have 
been  confined  to  the  papillo-maoular  fibres  of  the  optic  nerve.  They 
consist  in  thickening  of  the  coats  of  the  vessels  in  the  optic  nerves  and 
an  interstitial  neuritis  01  increase  of  the  connective-tissue  elements 
in  the  optic  nerve  with  atrophy  of  the  nerve  fibres.  Lately  opinion 
has  been  leaning  toward  the  view  that  the  change  begins  by  a degener- 
ation in  the  macular  region  of  the  retina.  The  experiments  of  Lang- 
ley on  the  influence  of  nicotine  on  the  activity  of  the  ganglionic 
cells  has  further  stimulated  inquiry  in  this  direction.  Nuel  has  held 
from  examination  of  a section  of  the  yellow  spot  that  the  disease 
starts  in  the  macula  lutea.  Whether  this  change  is  due  to  the  action 
of  nicotine,  or,  possibly,  some  of  the  other  constituents  of  tobacco 
smoke,  notably  pyridine,  on  the  ganglionic  cells  or  their  synapses, 
or  whether  the  changes  found  in  them  are  due  to  an  interference  with 
heir  blood  supply,  must,  for  the  present,  remain  undetermined. 
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Symptoms.  There  are  sometimes  present  the  symptoms  of  general 
tobacco-poisoning,  rapidity  of  the  heart-beat,  sleeplessness,  loss  of 
appetite,  tremors,  etc. ; but  these  may  be  conspicuously  absent.  The 
sight  is  dim,  there  is  a mist  or  a fog  over  the  objects  directly  looked 
at,  and  an  inability  to  distinguish  colors,  as,  for  instance,  to  tell 
readily  a sovereign  from  a shilling.  The  sight  is  worse  in  a bright 
than  in  a subdued  light;  the  acuteness  of  vision  may  be  considerably 
reduced,  from  f to  or  even  less.  Ophthalmoscopic  examina- 
tion shows  slight  haziness  of  the  disk  generally,  with  pallor  of  the 
temporal  half.  In  other  respects  the  fundi  are  normal,  and  even 
these  changes  are  by  no  means  constant  or  easily  recognized.  The 
visual  fields  in  true  tobacco  amblyopia  are  of  normal  extent.  But 
at  the  fixation  point  there  is  a scotoma  or  blind  area  for  colors, 
extending  from  the  fixation  point  to  the  blind  spot.  The  size  of  the 
scotoma  and  its  density  vary  very  greatly;  its  average  size  is  an  oval, 
having  a horizontal  diameter  of  about  20°,  with  a vertical  diameter 
of  12°.  Sometimes  it  is  larger  and  extends  outward  almost  to  the 
limit  of  the  color  field,  when  it  is  sometimes  difficult  to  discover  the 
nature  of  the  scotoma,  unless  we  use  test  spots  of  considerable  size. 
Perception  of  green  is  lost  first,  then  of  red;  perception  of  blue  and 
yellow  are  less  frequently  lost.  The  point  of  greatest  saturation  of 
the  color  defect  lies  outside  the  fixation  point.  It  is  nearly  always 
possible  to  make  out  at  this  spot  that  the  scotoma  is  absolute — that 
is,  that  perception  of  everything  is  lost  at  it — but  the  examination 
requires  care  with  a very  small  test  object.  It  is  sometimes  difficult 
to  obtain  good  evidence  of  the  scotoma,  because  of  the  inability  o 
the  patient  to  fix  the  object  steadily.  This  is  most  commonly  found 
when  the  condition  of  tobacco  shakiness  is  far  advanced,  and  espe- 
cially when  it  is  complicated  with  chronic  alcoholic  poisoning.  The 
shiftiness  of  the  eye  under  observation  and  the  wandering  attention 
of  the  patient  are  well  marked  and  almost  characteristic.  If  this 
defect  be  met  with,  the  best  method  of  making  the  examination  is 
to  cut  out  a piece  of  paper,  red  on  one  side  and  green  on  the  other, 
about  5 mm.  square,  and  stick  it  into  the  nib  ot  a pen.  Armed  with 
this,  stand  directly  in  front  of  the  patient  ana  tell  him  to  look  steadily 
at  the  point  of  your  nose,  one  eye  being  covered.  It  is  possible  then 
to  change  rapidly  the  position  of  the  color  spot,  and,  at  the  same 
time,  to  keep  a close  watch  on  the  fixation  of  the  eye.  In  this  way 
the  examination  is  made  accurately  and  rapidly.  If  it  is  desired  to 
keep  a record  of  the  size  of  the  scotoma,  it  should  be  charted  on  the 
perimeter.  In  addition  to  filming  the  scotoma,  it  is  necessary  to  see 
that  the  field  of  vision  is  not  contracted,  that  the  pallor  of  the  disk 
is  limited  to  the  temporal  side,  that  there  are  no  other  signs  of  nerve 
disorder,  like  tabes  or  insular  sclerosis,  before  coming  to  a conclusion 
as  to  the  nature  of  the  disease. 

Prognosis  ard  Treatment.  The  prognosis  is  good,  provided  that 
the  patient  will  abstain  from  all  use  of  tobacco;  improvement  may 
follow  diminution  of  the  amount  used,  but  it  is  well  to  insist  that  all 
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tobacco  should  be  given  up,  as  a very  small  amount  is  often  sufficient 
to  keep  up  the  irritation.  In  addition,  it  is  well  to  give  small  daily 
doses  of  strychnine.  Improvement  generally  sets  in  after  about  two 
weeks  and  goes  on  to  complete  recovery.  As  to  whether  the  patient 
may  resume  smoking  after  recovery  or  not,  he  may  do  so  to  a very 
moderate  degree  after  an  interval  of  months;  but,  seeing  the  hold 
that  tobacco  has  on  many  confirmed  smokers,  it  is  well,  when  the 
habit  has  been  broken,  for  it  not  to  be  resumed,  for  relapses,  although 
uncommon,  may  occur.  In  some  of  the  worse  cases  of  tobacco- 
alcohol  blindness  the  loss  of  vision  amounts  to  all  but  a perception 
of  light.  In  such  cases  strychnine  should  be  given  in  full  doses.  It 
is  useful  to  combine  it  with  nitroglycerin  or  to  give  inhalations  of 
amyl  nitrite;  at  the  same  time  the  general  health  must  be  considered, 
as  such  patients  are  often  broken  down,  and  sometimes  on  the  brink 
of  delirium  tremens.  Sleep  and  a sufficient  amount  of  nourishing 
food  must  be  secured. 

Bisulphide  of  Carbon.  The  symptoms  of  bisulphide  of  carbon  poi- 
soning resemble  much  those  of  the  most  acute  of  the  tobacco-alcohol 
cases.  They  are  giddiness,  pallor  of  face,  unsteadiness  of  gait,  and 
tremors,  with  failing  sight,  a mist  before  the  eyes,  dilated  pupil, 
and  ophthalmoscopically  disks  which  are  pale  or  hazy  all  over.  The 
effect  of  carbon  bisulphide  is  more  severe  than  that  of  tobacco.  In 
a collection  of  cases  made  by  the  Ophthalmological  Society  of 
the  United  Kingdom,  33  per  cent,  recovered  vision  2o  per  cent, 
improved,  and  20  per  cent,  did  not  improve  at  all. 

This  disease  is  very  rare  now,  owing  to  improved  n ethods  of  venti  - 
lation  in  factories,  by  which  the  vapor  is  not  allowed  to  circulate 
among  the  workers,  but  is  drawn  out  of  tbj;  room  by  proper  extrac- 
tors, so  that  cases  rarely  come  under  care  Treatment  is  that  of 
tobacco  amblyopia. 

Chronic  lead-poisoning  is  characterized,  in  addition  to  the  general 
signs  of  plumbism,  by  loss  of  sight,  )ften  of  the  central  scotoma  type, 
slight  chronic  neuritis  of  the  optic  nerve,  passing  on  to  atrophy,  with 
some  contraction  of  the  field  of  vision.  In  addition  there  may  be 
the  signs  of  albuminuric  miinitis  secondary  to  granular  kidneys, 
caused  by  lead-poisoning. 

Hereditary  Optic  Atrophy.  This  disease,  which  is  characterized  in 
its  onset  by  loss  of  antral  vision,  the  periphery  of  the  visual  field 
being  retained,  probably  belongs  to  the  retrobulbar  neuritis  group, 
although  the  ophthalmoscopic  appearances,  as  a rule,  are  those  of 
simple  atrophy  It  begins  in  early  adult  life,  generally  from  eighteen 
to  twenty-five  years  of  age,  attacks  the  male  members  of  a family 
mostly,  is  transmitted  through  the  females,  and  generally  appears  in 
succe?sisre  generations.  Another  feature  of  the  history  of  these  fami- 
lies is  the  large  number  of  early  infantile  deaths  which  it  reveals. 
The  disease  is  generally  slow  in  its  progress  and  is  unaffected  by  any 
treatment.  It  does  not  go  on  to  complete  blindness,  a certain  amount 
of  peripheral  vision  being  retained. 
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Amblyopia  is  said  to  be  produced  by  a very  large  number  of  agents. 
But  such  causes  are  very  uncommon;  the  only  one  which  calls  for 
special  mention  is 

Quinine  Amblyopia.  This  may  be  caused  in  susceptible  individ- 
uals by  comparatively  small  doses  of  the  salts  of  quinine;  but  the 
doses  known  to  have  caused  blindness  are  from  15  grs.  to  5j,  taken 
in  the  day.  The  loss  of  sight  comes  on  rapidly  and  varies  in  degree, 
but  it  may  be  total.  The  pupils  are  dilated  and  irresponsive  to 
light;  ophthalmoscopically  the  disks  are  seen  to  be  pale,  the  retinal 
vessels  very  small,  like  the  appearances  in  atrophy  of  the  optic  nerve. 
(Edema  of  the  retina  is  sometimes  present,  and  a cherry-red  spot  at 
the  macula,  like  the  appearances  in  embolism  of  the  central  retinal 
artery,  is  met  with.  It  can  sometimes  be  recognized  that  the  visual 
fields  are  strongly  contracted.  Recovery  takes  place  first  at  the 
centre  of  the  field  for  form  and  then  for  color,  but  a certain  amount 
of  contraction  of  the  fields  of  vision  often  remains  permanently. 

Prognosis.  In  most  cases  recovery  takes  place  to  a certain  extent, 
but  the  process  goes  on  for  months  before  it  is  complete.  Relapses 
may  occur  if  the  drug  be  again  administered.  The  experiments  of 
Brunner,  Barabaschew,  and  de  Schweinitz  have  shown  that  the  lesion 
is  a peripheral  one,  depending  on  defective  nutrition  of  the  nerve  and 
retina,  from  extreme  contraction  of  the  retinal  vessels.  There  is 
no  neuritis,  but  thickening  and  obliteration  of  the  lumen  of  the  arteries 
supplying  the  optic  nerve,  chiasma,  and  optic  tracts  are  seen.  Accord- 
ing to  the  experiments  of  Ward-Holden,  in  dogs  fed  on  quinine  the 
change  first  shows  itself  in  the  ganglionic  cells  of  the  retina  and  ncrv^ 
fibres;  by  the  forty-seventh  day  the  ganglionic  cell  layer  and  nerve- 
fibre  layer  had  almost  disappeared.  He  holds  that  with  a le^ened 
blood  supply  the  less  resistant  elements  of  the  retina— the  ganglionic 
cells— break  down,  and  that  there  is  an  ascending  degeneration  of  the 
nerve  fibres  secondary  to  this  change  in  the  nerve  cell*. 

Treatment.  Administration  of  quinine  and  its  .alts  must  be 
stopped.  Nitrite  of  amyl  or  nitroglycerin  internally  are  the  best 
forms  of  treatment.  Strychnine,  digitalis,  and  iodide  of  potassium 
may  also  be  used. 

Retrobulbar  Neuritis  Due  to  Disease  Affocting  the  Nervous  Sys- 
tem Generally.  The  most  frequent  cause  under  this  heading  is  insu- 
lar sclerosis.  There  is  much  similarity  between  certain  cases  of  acute 
retrobulbar  neuritis  and  insular  sclerosis,  and  also  between  the  latter 
and  tobacco  amblyopia.  Ir  insular  sclerosis  optic  nerve  changes 
are  not  infrequent,  and  also  loss  of  vision  without  ophthalmoscopic 
signs,  probably  due  to  an  aciual  affection  of  the  nerve.  The  insular 
sclerosis  attacks  the  nerve  as  it  attacks  other  parts  of  the  nervous 
system  in  the  form  of  islands  of  sclerosis,  in  which  the  nerve  elements 
may  be  interfered  with  or  altogether  destroyed.  The  method  by 
which  the  palloi  vrayels  from  the  seat  of  the  sclerosis  down  the  disk 
is  not  explained.  It  may  possibly  be  due  to  wasting  of  the  cen- 
trifugal fibx  °s,  which  go  from  the  basal  ganglia  to  the  retina. 
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Optic  Neuritis  with  Dropping  of  Watery  Fluid  from  the  Nostril. 

A few  cases  have  been  observed  in  which  there  was  a persistent  flow 
of  fluid  from  one  nostril,  with  headache,  vomiting,  drowsiness  or 
delirium,  and  amblyopia.  Optic  neuritis  is  present  at  the  same  time. 
The  fluid  analyzed  has  been  found  to  resemble  cerebro-spinal  fluid, 
in  some,  if  not  all  of  the  cases,  and  there  is  great  probability  of  its 
escape  from  the  skull  through  the  cribriform  plate  of  the  ethmoid. 
The  prognosis  is  not  good  and  no  treatment  has  hitherto  been  found 
of  use. 

Atrophy  of  the  Optic  Nerve.  Atrophy  of  the  optic  nerve  is  either 
a primary  disease  or  is  secondary  to  some  previous  affection  of  the 
optic  nerve,  like  optic  neuritis,  embolism  of  the  central  artery  of  the 
retina,  or  to  retinochoroiditis  or  retinitis  pigmentosa.  (Fig.  255.) 


Fto.  255. 


Ophthalmoscopic  appearance  of  disk  in  atrophy  '‘oil  jwing  hemorrhage.  (Jaeger.) 


Primary  optic  atrophy , also  ki  own  as  simple  or  progressive 
atrophy,  is  characterized  by  gradually  increasing  pallor  of  the  optic 
nerves  without  signs  of  inflammation.  The  disease  is  generally 
bilateral.  The  small  vessels  of  the  nerve  disappear,  the  retinal  arte- 
ries dwindle,  the  veins  become  funnel-shaped  at  the  disk,  and  the 
disk  assumes  a dehea+e  blue-white  tint.  The  vessels  make  a slight 
bend  as  they  pass  c\°i  the  edge  of  the  disk,  owing  to  a slight  atrophic 
excavation  of  the  disk ; the  stippling  of  the  lamina  cribrosa  becomes 
marked,  the  sight  undergoes  progressive  diminution,  perception  of 
color  is  lost,  and  the  fields  become  contracted,  generally  concentrically, 
but  perhaps  more  in  one  part  than  in  another.  The  most  common 
cause  of  primary  optic  atrophy  is  tabes  dorsalis.  The  atrophy  is 
ofte  n the  earliest  sign  of  tabes  and  may  precede  any  other  symptom 
by  years.  Generally  where  the  spinal  symptoms  come  on  early, 
the  optic  atrophy  is  late  in  appearance.  Among  the  other  signs 
are  smallness  of  the  pupils,  spinal  myosis,  the  Argyll-Robertson 
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pupil,  loss  of  the  knee-jerk,  and  loss  of  equilibrium  ( Romberg's 
symptom ),  the  ataxic  gait,  while  the  patient  may  complain  of  peri- 
odic acute  attacks  of  indigestion  (gastric  crises),  lightning  pains 
in  the  limbs,  or  girdle  pains  about  the  body.  The  atrophy  of  the 
optic  nerve  may  go  on  to  complete  blindness  without  the  appear- 
ance of  any  of  the  other  symptoms,  the  patient  remaining  in  good 
health.  In  some  of  the  cases  the  disease  comes  to  an  end,  the  optic 
nerves  only  are  affected ; probably  these  should  be  regarded  as  cases 
of  arrested  tabes,  but  generally  the  signs  of  ataxy  develop  later.  In 
complete  tabetic  atrophy  the  retinal  ganglion  cells  have  been  found 
to  disappear;  Ward-Holden  discovered  only  degenerated  ganglion 
cells  here  and  there,  even  in  the  macula.  If  this  be  so,  the  atrophy 
of  the  nerve  itself  is  probably  secondary  to  that  of  the  retinal  ganglion 
cells.  Optic  atrophy  also  occurs  in  insular  sclerosis  and  general  par- 
alysis of  the  insane,  and  it  has  in  a few  rare  cases  been  found  asso- 
ciated with  diabetes  insipidus.  It  may  follow  local  changes  in  the 
orbit,  as  the  pressure  of  a tumor.  These  forms  are  characterized  by 
their  being  one-sided  and  affecting  only  one  portion  of  the  nerve. 
Simple  atrophy  is  rare  in  children;  it  is  most  common  after  middle 
age.  It  is  often  difficult  to  distinguish  primary  atrophy  from  the 
atrophy  which  accompanies  very  chronic  glaucoma.  The  difference 
can  generally  be  made  out  by  the  fact  that  in  the  latter  disease 
perception  of  colors  is  not  lost,  and  the  ophthalmoscopic  appearances 
show  that  the  excavation  of  the  disk  is  very  much  greater  in  glau- 
coma than  in  primary  optic  atrophy. 

The  prognosis  is  generally  unfavorable;  primary  atrophy  leads 
almost  certainly  to  blindness. 

Treatment  should  be  directed  to  the  disease  underlying  the  atrophy; 
for  the  optic  nerve  itself  we  may  give  strychnine  or  iodide  of 
potassium. 

Post-neuritic  atrophy  is  the  last  stage  of  an  optic  neuritis.  It 
differs  in  ophthalmoscopic  appearances  from  primary  c trophy  in  the 
appearance  of  the  disk  and  parts  around.  Instead  of  being  quite 
clear  and  sharply  defined,  the  disk  is  covered  by  a light  haze,  as  if  it 
had  been  washed  with  Chinese  white,  the  veins  are  still  distended 
and  tortuous,  and  both  arteries  and  veins  have  white  lines  along 
them,  owing  to  thickening  of  their  deaths;  the  lamina  cribrosa  is 
hidden  by  the  remains  of  the  inflammatory  exudation  and  there  is 
a disturbance  of  the  choroid  around  che  disk.  In  many  cases,  how- 
ever, it  is  impossible  to  say  with  confidence  whether  the  atrophy  is 
primary  or  post-neuritic  from  the  ophthalmoscopic  appearances  alone. 

Post-embolic  and  Post-thrombotic  Atrophy.  These  are  distinguished 
by  the  obliteration  ot  the  affected  vessels,  which  may  have 
shrunk  to  white  bends  only  or  may  contain  a small  visible  column 
of  blood,  and  by  a certain  amount  of  change  usually  seen  at  the  yellow 
spot.  The  natire  of  post-embolic  atrophy  can  generally  be  deter- 
mined by  the  history  or  by  the  mode  of  onset  of  the  affection,  that  is 
by  its  absomte  suddenness. 
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Post-retinitic  Atrophy , W axy  Atrophy , Post-choroiditic  Atrophy.  The 
papilla  in  this  disease  appears  to  have  a dirty  yellowish-red  color, 
the  vessels  are  narrowed,  and  there  are  signs  in  the  fundus  of  old  chor- 
oidal or  retinal  disease. 

In  glaucomatous  atrophy,  typical  glaucomatous  excavation  of  the 
disk,  where  the  vessels  disappear  at  the  margin  of  the  disk  and  are  dis- 
placed toward  the  nasal  side,  is  the  distinguishing  feature. 

Tumors  of  the  Optic  Nerve.  Tumor  of  the  optic  nerve  occurs 
rarely.  In  vol.  xix.  of  the  Transactions  of  the  Ophthalmological 
Society  of  the  United  Kingdom , Buller  and  Marshall  found  only  130 
cases  recorded  in  literature.  The  greater  number  of  cases  occurred 


ColoboiDi,  jt  or  lie  nerve. 


Fig.  256. 


before  the  age  of  ten  years,  ai.d  the  liability  to  the  disease  diminished 
with  age.  The  symptoms  A the  affection  are  rapid  loss  of  sight,  for- 
ward and  outward  protrusion  of  the  eyeball  in  the  line  of  the  axis  of 
the  orbit,  little  or  no  limitation  of  movement,  and  no  pain.  (Fig.  256.) 
The  tumor  may  be  felt  in  some  cases  behind  the  eye.  The  seat  of  the 
growth  is  mostly  in  the  central  portion  of  the  optic  nerve,  and  it  is  not 
common  for  the  eye  to  be  involved.  The  kinds  of  growth  found 
after  removal  have  been  gliomata  or  tumors  of  the  neuroglia,  sarco- 
mata myAOsarcomata  or  endotheliomata.  Tuberculous  tumors  have 
also  been  seen. 

^r^atment.  1.  Removal  of  the  tumor  with  preservation  of  the  eye. 
rhis  may  be  done  by  dividing  the  external  rectus,  rotating  the  eye 
inward  and  removing  the  involved  optic  nerve,  replacing  the  eye  and 
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suturing  the  external  rectus;  the  external  wall  of  the  orbit  may  be 
removed  to  facilitate  access  to  the  tumor  (Kronlein’s  operation). 

2.  Enucleation  of  the  eye  with  the  involved  nerve. 

3.  Exenteration  of  the  orbit. 

Having  to  deal  with  a malignant  growth,  it  may  be  questioned 
whether  it  is  worth  trying  to  save  the  useless  eye,  which  is  a great 
hindrance  to  the  easy  and  efficient  removal  of  the  tumor.  Having 
regard  to  the  life  of  the  patient,  it  is  wise  to  remove  the  growth  as 
widely  as  possible. 

Injuries  to  the  Optic  Nerve.  These  are  caused  most  frequently  by 
falls  on  the  head.  The  base  of  the  skull  is  fractured  and  the  optic 
nerve  is  ruptured  by  splinters  of  bone,  in  the  optic  foramen.  Sight 
may  be  lost  without  rupture  from  hemorrhage  into  the  sheath  of  the 
optic  nerve.  The  optic  nerve  is  sometimes  injured  by  foreign  bodies 
penetrating  the  orbit  without  the  eye  being  injured.  The  most  famil- 
iar instance  is  by  the  ferule  of  an  umbrella  or  walking-stick.  The 
optic  nerve  is  sometimes  divided  by  bullet  wounds  traversing  the 
orbit,  frequently  in  cases  of  attempted  suicide.  In  some  of  these 
cases’ intra-ocular  hemorrhages  and  ruptures  of  the  choroid  have  been 
found,  although  the  track  of  the  bullet  was  far  removed  from  the  back 
of  the  eye.  After  rupture  blindness  comes  on  at  once;  if  the  papilla 
appear  to  be  pale  immediately  after  the  injury,  the  nerve  has 
been  ruptured  in  front  of  the  entrance  of  the  central  retinal  artery. 
If  the  rupture  be  behind  this,  the  pallor  of  the  disk  may  not  come  or. 
for  three  weeks  or  longer. 

Loss  of  Sight  after  Severe  Hemorrhages  may  result  from  cptic 
nerve  atrophy:  it  may  come  on  from  surgical  or  post-partun  hencr- 
rhage.  It  most  commonly  results  from  hemorrhage  fron.  the  intes- 
tinal tract;  at  first  there  may  be  oedema  of  the  retina  followed  by 
atrophy  of  the  nerve.  If  loss  of  sight  be  coming  on,  the  patient  should 
be  placed  in  a horizontal  position  and  if  possible  intra  -ei.ous  injections 
of  saline  solution  should  be  made  without  delay.  Sometimes  the  less 
of  sight  comes  on  several  days  after  the  hemormuge.  The  cause  of 
this  is  not  clear,  but  it  is  thought  by  Leber  to  be  due  to  hemorrhage 
into  the  sheath  of  the  nerve  creeping  forward  from  the  base  of  the 
skull.  In  some  cases  of  injury  the  blood  travels  forward  and  may 
be  seen  after  several  days  beneath  the  conjunctiva  and  even  in  the 
lids.  Treatment  should  be  rest  horizontally,  iron,  proper  feeding,  etc. 

Hyaline  Growths  in  the  Optic  Papilla.  Hyaline  nodules  growing 
from  the  lamina  vitrea  of  the  choroid  are  very  common.  In  rare 
cases  they  appear  on  the  disk  itself ; they  are  gray  nodules  clustered 
together,  generally  at  the  edge  of  the  disk.  They  do  not  as  a rule  in- 
terfere with  vision,  and  no  treatment  is  called  for. 

Ocular  Signs  and  Symptoms  Attending  Diseases  of  the  Brain. 

Optic  neuritis  and  loss  of  sight  may  indicate  tumor  of  the  brain; 
they  are  i f value  as  showing  the  presence  of  a tumor  only;  they  have 
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no  localization  value.  The  form  of  optic  neuritis  known  as  choked 
disk  is  the  one  which  commonly  attends  cerebral  tumor,  but  the  neu- 
ritis may  also  be  combined  with  retinitis  without  much  swelling,  and 
may  resemble  albuminuric  retinitis,  even  when  the  cause  is  an  intra- 
cranial growth.  In  case  of  doubt,  examination  of  the  urine  should  be 
made.  In  meningitis  and  hydrocephalus  optic  neuritis  may  also  be 
present.  Cysts  and  hemorrhages,  as  a rule,  do  not  give  rise  to  ocular 
symptoms,  but  an  abscess  of  the  brain  may  do  so.  Optic  neuritis  in 
cerebral  tumor  occurs  early,  but  it  may  be  delayed  or  it  may  not 
occur  at  all.  The  sight  may  be  unaffected  for  a long  time,  but  the 
field  of  vision  soon  becomes  somewhat  contracted.  In  other  cases 
in  which  the  neuritis  is  axial,  loss  of  vision  in  the  form  of  a central 
scotoma  may  occur  early.  Optic  neuritis  may  be  caused  by  a tumor 
of  any  size  in  any  part  of  the  brain.  Tumors  of  the  cerebellum  and 
at  the  base  of  the  brain  are  more  likely  to  produce  optic  neuritis 
than  tumors  in  other  parts,  probably  owfing  to  pressure  on  the  veins 
of  Galen.  The  next  most  important  ocular  sign  in  disease  of  the 
brain  is  hemianopsia  or  loss  of  half  of  the  field  of  vision.  This  is 
due  to  a disease  of  the  chiasm,  of  the  optic  tracts,  of  the  cortical  centre 
of  vision,  or  of  some  part  of  the  path  connecting  the  optic  tracts  with 
the  cortex  of  the  brain.  Local  disease  of  the  eye  producing  loss  of  half 
the  visual  field  is  not  included  under  the  name  of  hemianopsia.  When 
hemianopsia  occurs,  the  fields  are  usually  both  affected,  o^e-half  of 
each  field  being  normal,  the  other  half  being  blind.  The  dividing 
line  between  the  two  is  a vertical  one  through  the  certie  of  the  fields, 
but  usually  turning  aside  a little  at  the  fixation  pou  t in  each  eye  sc  as 
to  leave  it  unaffected.  In  some  cases,  however,  u goes  through  the 
fixation  point.  It  sometimes  happens  also  "ha"  the  line  of  separation 
is  not  quite  vertical,  but  somewhat  irregular,  so  that  the  seeing  half 
of  the  retina  passes  over  the  middle  line.  The  blind  part  is  generally 
absolutely  blind,  but  in  some  cases  color  perception  only  is  lost,  so 
that  we  have  a condition  of  hemianopsia  for  colors  or  hemiachroma- 
topsia.  In  some  cases  the  defect  is  sectorial,  and  in  other  rare  cases 
it  is  the  upper  or  lower  halves  tha  t are  defective.  The  most  frequent 
form  is  one  in  which  the  corresponding  halves  in  each  eye  are  want- 
ing, for  instance,  the  right  half  of  each  field  may  be  blind,  implying 
the  loss  of  function  in  the  left  half  of  each  retina,  or  if  the  left  half  of 
the  field  be  blind  t he  "ight  half  of  each  retina  will  be  functionless. 
This  is  called  homonymous  hemianopsia.  (Figs.  257  and.  258.)  Many 
cases  of  double  homonymous  hemianopsia  have  been  described  due  to 
disease  of  the  cortical  visual  centres  in  each  hemisphere.  Most  of 
the  cases  have  begun  with  loss  of  vision  in  corresponding  halves  of 
each  eye.  followed  at  a later  date  by  loss  of  vision  in  the  other  halves, 
whereby  t jtal  blindness  was  produced.  In  a few  of  the  cases  the 
macula  was  left,  so  that  there  was  fairly  good  vision  while  looking 
ahead,  but  the  patients  had  no  power  of  directing  their  movements 
owing  to  the  small  size  of  the  visual  field  (loss  of  orientation).  Loss 
of  the  outer  halves  of  each  visual  field  or  loss  of  function  of  the  two 
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nasal  halves  of  the  retina  is  known  as  bitemporal  hemianopsia.  Nasal 
hemianopsia  is  blindness  of  the  inner  half  of  each  visual  field,  and 
is  due  to  a want  of  function  on  the  temporal  side  of  each  retina.  To 

Fig.  257. 


Right  Eye 


Fig.  258. 


Left  Eye 


Left-sided  hemianopsia. 
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explain  the  cause  of  the  hemianopsia  in  these  affections,  it  will  be 
necessary  to  go  over  afresh  the  course  of  the  visual  fibres  from  the 
retina  to  the  cortex  of  the  brain. 

The  nerve  fibres  from  the  corresponding  or  homonymous  halves  of 
each  retina — that  is,  from  the  nasal  half  of  the  right  and  the  temporal 
half  of  the  left  retina — pass  through  the  chiasma  and  unite  to  form 
the  left  optic  tract;  similarly  fibres  from  the  temporal  half  of  the  right 
and  nasal  half  of  the  left  retina  pass  through  the  chiasma  to  form 
the  right  optic  tract.  The  fibres  from  each  tract  pass  into  the  basal 
ganglia,  the  optic  thalamus,  the  anterior  corpus  quadrigeminum, 
and  the  external  geniculate  body;  thence  through  the  posterior 
part  of  the  internal  capsule,  and  the  optic  radiations  to  the  visual 
centre.  This  is  situated  on  the  mesial  surface  of  the  occipital  lobe 
in  the  region  having  the  middle  part  of  the  calcarine  fissure  at  its 
centre. 

Lesions  of  the  Chiasma.  The  most  usual  sign  of  affections  of  the 
chiasma  is  bitemporal  hemianopsia.  This  is  due  to  involvement  of 
the  decussating  fibres  at  the  anterior  or  posterior  border  of  the  chi- 
asma. These  fibres  supply  the  nasal  halves  of  each  retina,  which 
are  consequently  blind.  The  affection  of  sight  begins  by  a limitation 
of  the  outer  part  of  each  visual  field,  or  one-half  may  be  effected 
before  the  other,  according  to  the  position  of  the  lesion.  The  ’oss  of 
sight  may  for  a time  be  only  a color  blindness,  but  later  oll  light  and 
form  sense  are  involved  also;  the  loss  goes  on  to  total  bitemporal 
hemianopsia.  In  many  of  the  cases,  owing  to  advance  of  the  disease, 
the  uncrossed  fibres  become  affected  too,  and  the  result  is  total  blind- 
ness. It  has  been  demonstrated  by  Nettleship  and  others  that  chi- 
asmal disease  frequently  begins  as  a central  scotoma,  and  as  such  may 
be  mistaken  for  toxic  amblyopia.  It  is  belie  v^d  in  such  cases  that  the 
disease  starts  in  the  anterior  part  of  the  chiasma,  where  the  macular 
fibres  are  situated.  It  is  common  in  most  of  the  cases  to  have  a 
certain  diminution  in  central  vision  The  optic  nerve  becomes  atro- 
phic, there  is  generally  great  headache,  sometimes  loss  of  mental 
power;  optic  neuritis  is  not  often  present.  Affections  of  the  outer 
side  of  the  chiasma  producing  nasal  hemianopsia  are  very  rare;  hori- 
zontal hemianopsia  may  be  caused  by  pressure  on  the  chiasma  above 
or  below.  The  causes  of  chiasmal  disease  are  acromegaly,  tumors 
of  the  pituitary  body,  meningitis,  frequently  syphilitic,  periostitis 
of  the  body  of  the  sphenoid,  tubercular  masses,  syphilitic  gummata, 
cysts  and  exostoses,  and  hydrocephalus  produced  by  distention  of  the 
third  ventricle.  The  treatment  must  be  in  accordance  with  the  dis- 
covered cacsc.  Much  good  may  often  be  done  in  syphilitic  cases  by 
appropriate  treatment. 

Legions  of  the  Optic  Tract.  The  characteristic  symptom  of  lesion 
of  the  optic  tract  is  homonymous  lateral  hemianopsia.  This  may  be 
complete  or  partial,  involving  only  a quadrant  of  each  retina,  as  in  a 
ease  related  by  Henschen,  in  which  there  was  a defect  of  the  field  of 
vision  in  both  left  lower  quadrants,  caused  by  a tumor  pressing  on  the 


RETINA,  OPTIC  NERVE,  AND  ITS  CEREBRAL  ORIGIN.  469 

upper  part  of  the  right  optic  tract.  The  defect  may  be  relative  also 
that  is,  there  may  be  half-vision  for  color  only — form  and  light  percep- 
tion being  unaffected.  Owing  to  proximity  of  the  trunks  of  the  nerves 
at  the  base  of  the  brain,  there  may  be  paralysis  of  the  parts  supplied 
by  these  nerves  owing  to  pressure  from  a tumor  of  the  tract.  Optic 
neuritis  may  be  present  in  localized  meningitis  or  in  tumor,  and 
primary  optic  atrophy  is  sometimes  met  with;  both  these  manifesta- 
tions are  often  more  marked  in  one  eye  than  in  the  other.  Homony- 
mous lateral  hemianopsia  is  shown  by  blindness  of  the  correspond- 
ing halves  of  the  retina,  for  instance,  the  temporal  half  of  the  left 
retina  and  the  nasal  half  of  the  right.  Wernicke’s  sign  or  the  hemi- 
opic  pupil  is  frequently  present,  and  is  of  great  value  in  localizing  the 
seat  of  the  affection;  it  consists  in  the  fact  that  light,  thrown  upon 
the  blind  half  of  each  eye  produces  no  pupil  reaction  at  all,  while 
light  thrown  upon  the  acting  half  of  each  retina  gives  rise  to  normal 
pupil  reaction.  Afferent  impulses  proceeding  centrally  from  the 
retina  are  interrupted  at  the  seat  of  the  disease  in  the  tract,  and  do 
not  pass  to  the  basal  ganglia  and  third  nerve  nucleus,  while  lesions  of 
the  visual  path  above  the  basal  ganglia  producing  homonymous 
hemianopsia  do  not  interfere  with  the  path  of  the  impulses,  which 
pass  from  the  retina  to  the  basal  ganglia  and  thence  to  the  third 
nerve  nucleus.  It  is  conceivable,  therefore,  that  there  might  be  sym- 
metrical lesions  in  the  hemisphere,  which  produced  double  homony- 
mous hemianopsia,  and  therefore  total  blindness  of  each  eye,  and  which 
yet  left  the  pupillary  light  reflex  unaffected.  The  hemianopic  pupil 
reaction  is  not  easy  to  obtain,  inasmuch  as  it  is  difficult  to  keep  ihe 
light  passing  to  one  side  of  the  retina  from  illuminating  the  c ther  half 
to  a certain  extent.  But  it  is  generally  possible  to  establish  a differ- 
ence between  the  reflex  action  of  the  pupil,  when  light  is  cast  from 
opposite  sides  on  to  the  retina  in  diseases  of  the  tract.  (For  the 
method  of  applying  the  test,  see  page  34.)  Symptoms  of  disease 
of  the  optic  tract  may  be  produced  by  the  pressure  of  tumors  of 
neighboring  parts,  of  the  temporosphenoidal  'obe  optic  thalamus,  or 
crus  cerebri. 

Lesions  of  the  Basal  Ganglia  or  Primary  Optic  Ganglia,  External 
Geniculate  Body,  Optic  Thalamus,  and  Anterior  Corpus  Quadri- 
geminum.  These  ganglia  undergo  degeneration  after  removal  of  the 
eye;  also  after  lesion  of  the  occipital  lobe,  degeneration  can  be  traced 
down  to  them;  they  are  therefore  in  the  direct  line  of  transmission  of 
impulses  from  the  eye  to  the.  brain  cortex. 

External  Geniculate  Body . All  the  fibres  of  the  optic  tract  enter 
the  external  geniculate  boay,  and  a lesion  here  always  gives  rise  to 
hemianopsia.  It  is  probable  also  that  its  upper  and  lower  parts  supply 
the  upper  and  lower  parts  of  the  retina,  respectively.  If  so,  homony- 
mous quadrant  aemianopsia  may  be  due  to  disease  of  the  external 

geniculate  body.  . . , , 

Optic  Thalamus . Lesions  of  the  posterior  part  .of  the  optic  thala- 
mus, the  pulvinar,  have  in  many  cases  been  found  in  association  with 
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hemianopsia,  but  in  an  equal  number  of  cases  hemianopsia  has  not 
been  found.  It  is  probable  that  the  lesion  of  the  optic  thalamus 
itself  has  not  given  rise  to  hemianopsia  except  indirectly  from  press- 
ure on  the  optic  tract. 

Corpora  Quadrigemina.  It  is  not  certain  that  tumors  of  the  cor- 
pora quadrigemina  give  rise  to  loss  of  sight.  A few  doubtful  cases 
have  been  recorded  in  which  there  was  blindness  from  lesions  in  this 
situation,  but  there  is  a far  larger  number  of  cases  in  which  tumors 
of  the  corpora  quadrigemina  produced  no  blindness  at  all.  (For 
oculomotor  affections  following  lesions  of  the  corpora  quadrigemina, 
see  page  180.) 

Lesions  of  the  Internal  Capsule.  The  course  of  the  visual  fibres 
from  the  external  geniculate  body  to  the  optic  radiation  is  not  yet 
known.  Fibres  are  traced  to  the  external  geniculate  body  through 
the  posterior  third  of  the  posterior  limb  of  the  internal  capsule,  and 
it  is  asserted  that  a lesion  of  this  part  of  the  internal  capsule  causes 
hemianopsia.  On  the  other  hand,  Henschen  has  shown  that  lesions 
of  this  part  do  not  necessarily  cause  hemianopsia,  and  that  when 
they  are  associated  with  it,  the  external  geniculate  body  or  the  optic 
tract  is  interfered  with  at  the  same  time. 

Lesions  of  the  Optic  Radiations.  It  is  unknown  with  accuracy 
how  large  a portion  of  the  optic  radiations  is  occupied  by  tht,  visual 
fibres.  According  to  Henschen,  only  the  central  portion  is  so  occu- 
pied. Other  writers  agree  with  him  that  the  optic  radiations  contain 
many  other  fibres  than  visual  ones.  The  importanc  e of  this  lies  in 
the  fact  that  in  a lesion  of  the  optic  radiation,  alt ho  igh  we  may  get 
hemianopsia,  we  get  also  other  symptoms,  which  may  aid  us  to  recog- 
nize the  lesion  and  to  distinguish  it  from  a conical  one.  A subjective 
sensation  of  blindness  is  caused  by  a lesion  the  radiations,  in  the 
form  of  positive  scotoma,  but  it  is  not  present  in  a lesion  of  the  cortex. 
If  the  lesion  extends  beyond  the  visual  fibres,  various  other  symptoms 
are  present,  such  as  mind  blindness,  word  blindness  or  alexia, visual 
aphasia,  dyslexia,  amnesic  color  blindness,  or  visual  hallucinations. 

Alexia  or  Word  Blindness . Ir  this  affection  persons  are  unable 
to  read  words;  the  print  or  waiting  is  perfectly  well  seen,  the  letters 
themselves,  except  in  rare  cases,  can  be  made  out,  but  the  power  of 
combining  them  is  entirely  lost.  The  patient  can  write  quite  well, 
but  is  unable  to  read  anything  he  has  written  unless  he  is  allowed  to 
go  over  it  with  a pen.  In  some  cases  even  individual  letters  cannot 
be  recognized,  but  figures  can  as  a rule  be  read.  Word  blindness  may 
be  combined  with  an  inability  to  write. 

Alexia  'with  Agraphia.  This  alexia  is  due  to  interference  with 
the  fibres  passing  from  the  visual  memory  to  the  speech  centre,  and 
has  a distinct  localizing  value  as  the  lesion  has  been  recorded  from 
post-mortem  examination  in  five  cases  in  the  left  occipital  lobe. 
Alexia  with  agraphia  is  thought  to  be  due  to  a lesion  of  the  centre 
i >r  visual  memory  in  the  left  angular  gyrus.  The  association  of  alexia 
with  right  homonymous  hemianopsia  is  to  be  explained  by  the 
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nearness  of  the' visual  centre  and  paths  to  the  lesion  which  cause 

Dyslexia.  In  this  affection  there  is  no  loss  of  sight,  but  a simple 
inability  of  the  patient  to  read  continuously.  A few  words  only  can 
be  read,  then  the  book  is  thrown  aside;  the  effort  may  be  repeated 
after  a time,  but  power  of  continued  reading  is  absent.  In  most  cases 
dyslexia  has  been  associated  with  hemianopsia  and  other  cerebra 
symptoms.  It  is  caused  by  degeneration  of  the  cerebral  vessels  and 
generally  has  a fatal  termination;  it  appears  to  have  little  value  as  a 
localizing  sign. 

Visual  Aphasia.  The  patient  cannot  remember  the  names  of  things 
seen,  although  quite  familiar  with  the  things  themselves,  but  can  re- 
member their  names  if  he  can  recognize  the  things  by  some  other  sense 
than  that  of  sight,  as,  for  instance,  if  he  can  touch  them.  Conversa- 
tion of  patients  suffering  from  visual  aphasia  has  certain  well-marked 
peculiarities — the  general  avoidance  of  names  and  the  use  of  circuitous 
methods  of  speech,  in  order  to  make  up  for  the  defective  power  of 
expression.  Right  homonymous  hemianopsia  is  almost  always  pres- 
ent and  sometimes  alexia  and  agraphia.  The  lesion  is  believed  to  be 

in  the  left  occipital  lobe.  . 

Loss  of  Color  Memory— Amnesic  Color  Blindness.  I he  patient  is 
able  to  perceive  the  colors  and  to  match  them  correctly,  but  is  unable 
to  give  them  their  names.  This  has  always  been  found  associated 
with  right  homonymous  hemianopsia,  and  is  believed  by  \\  llbrandt. 
who  described  it,  to  be  an  indication  of  disease  of  the  occipital  lobe  on 
the  left  side,  preventing  communication  between  the  color  centre  to* 
vision  and  the  speech  centre.  _ 

Visual  hallucinations  sometimes  occur  in  the  blind  side  cx  the 
field-  objects  are  seen  in  the  blind  area  which  are  not  in  view  at  all. 
This'is  thought  to  be  due  to  irritation  of  the  centre  for  visual  memory 
in  ihe  occipital  lobe,  but  a case  has  been  published  by  de  Schwemitz 
in  which  hallucinations  occurred  in  the  blind  side  it  +he  field,  due  to  a 
gumma  pressing  on  the  right  optic  tract.  Visual  hallucinations  are 
always  accompanied  by  right  homonymous  hemianopsia.  Hallucina- 
tions of  vision  due  to  focal  brain  disease  am  generally  associated  with 
other  signs  of  focal  brain  disease,  and  may  be  distinguished  from  other 
visual  hallucinations,  such  as  those  occurring  in  delirium  tremens  or 
fever  by  their  occurring  in  the  blind  part  of  the  visual  field. 

Mind  Blindness  or  Visual  Amnesia.  The  sight  is  perfectly  good, 
intelligence  is  not  affected,  tht  patient  is  able  to  read,  but  he  lias  lost 
the  power  of  recognizing  objects  seen;  if  they  be  presented  to  him  by 
one  of  his  other  senses,  he  at  once  recognizes  them  People,  even  most 
intimate  friends,  am  not  recognized  by  their  appearance,  but  are 
known  at  once  when  .hey  begin  to  speak.  This  failure  is  due  to  a 
lesion  of  the  centre  for  visual  memory,  which  is  supposed  to  be  distinct 
from  the  vises:  centre,  although  situated  close  to  it  in  the  occipital 
lobe.  It  serves  for  the  storing  up  of  pictures  in  the  memory  of  ob- 
jects 01  scenes  that  have  fallen  upon  the  retina,  and  whenever  a picture 


472 


THE  EYE. 


is  formed  on  the  retina  the  stores  of  the  visual  memory  centre  are 
brought  out  and  ransacked  for  comparisons  or  the  new  picture  is 
stored  away  for  future  use.  Homonymous  hemianopsia  is  present  in 
the  majority  of  cases  of  mind  blindness.  It  occurs  in  persons  beyond 
middle  age,  when  the  lesion  has  been  found  to  be  hemorrhages,  soften- 
ings,  or  tumors ; it  occurs  also  in  general  paralysis  of  the  insane. 

Lesions  Affecting  the  Cortical  Centre  of  Vision.  According  to 
the  most  recent  researches  of  Henschen,  th  s lesion  is  placed  about  the 
middle  part  of  the  calcarine  fissure,  the  upper  edge  of  the  fissure  rep- 
resenting the  upper  homonymous  quadrants  of  the  retina  and  the 
lower  edge  of  the  fissure,  the  lower  homonymous  quadrants,  the  macula 
centre  lying  in  the  floor  of  the  fissure.  Other  ^ bservers  think  the 
visual  centre  extends  much  more  widely,  even  covering  the  whole 
mesial  surface  of  the  occipital  lobe,  but  they  agree  in  giving  special 
importance  to  the  calcarine  fissure.  Destruction  or  lesion  of  the 
cortical  visual  centre  leads  to  absolute  blindness  of  the  corresponding 
halves  of  each  retina,  and  consequently  to  homonymous  hemianopsia 
of  the  opposite  half  of  the  field  of  vision.  If  the  lesion  be  confined  to 
the  cortex,  there  is  complete  absence  of  any  other  sign,  such  as  paraly- 
sis, anaesthesia,  word  blindness,  mind  blindness,  visual  aphasia,  visual 
hallucinations,  and  the  hemianopic  pupil.  For  instance,  there  is  com- 
plete absence  of  sensation  in  the  blind  side  of  the  field,  but  the  patient 
is  not  conscious  of  the  defect  as  of  a dark  area,  as  he  may  bo  m lesions 
of  other  parts  of  the  visual  path.  If  the  lesion  be  bilateral,  of  which 
many  cases  are  on  record,  the  symptoms  are  bilatera.  homonymous 
hemianopsia,  which  means  complete  loss  of  vision  In  small  lesions 
less  than  half  the  homonymous  fields  may  be  lost  and  partial  periph- 
eral or  more  rarely  scotomatous  defects  may  be  left.  But  these  par- 
tial homonymous  defects  should  be  used  w ith  caution  for  localizing 
purposes,  as  homonymous  peripheral  contractions  of  the  fields  of  vision 
are  found  in  patients  without  lesion  of  any  part  of  the  visual  path. 
Sometimes  the  blindness  is  incomplete-  -that  is,  perception  of  light  may 
be  retained  in  the  blind  part  of  the  lieid  In  other  slighter  cases  again 
only  the  color  sense  in  that  half  of  the  field  may  be  lost  (hemiachro- 
matopsia),  light  and  form  sense  being  perfect  Various  degrees  of 
loss  may  be  present  in  different  parts  of  the  affected  fields.  It  is 
unknown  whether  the  centr*  » for  colors  is  different  from  those  for  form 
and  light,  or  whether  the  different  colors  have  separate  cells  devoted 
to  them;  but  there  are  cases  on  record  of  homonymous  hemianopic 
losses  of  perception  of  one  color  which  would  give  support  to  this 
view.  Probably  there  are  not  separate  centres  for  light,  form,  and 
color,  but  a loss  of  the  latter  indicates  a less  serious  injury  to  the 
centre  then  \\  hen  its  other  functions  are  lost.  It  has  been  stated  that 
in  most  <es  the  dividing  line  between  the  two  halves  of  the  fields  is 
not  a perfectly  vertical  one,  but  that  it  deviates  so  as  to  include  the 
whoie  of  the  fixation  point  in  each  seeing  half  of  the  field.  Two  expla- 
nations may  be  given  of  this:  (1)  That  the  whole  of  the  macular 
region  of  each  eye  is  represented  in  the  visual  centre  of  each  side,  so 
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that  each  macula  has  a double  nerve  supply,  and  if  one  visual  centre 
is  destroyed,  it  still  retains  its  nerve  supply  to  the  visual  centre 
of  the  opposite  side.  (2)  The  other  explanation  given  for  retention 
of  the  whole  central  vision  in  lesion  of  one  visual  centre  is  that  the 
centre  for  the  macula  in  the  cortex  is  more  vascular  than  the  rest  ot 
the  visual  centre,  and  receives  nutrition  from  anastomoses  even  when 
parts  around  are  cut  off. 

It  has  been  supposed  by  some  writers  that  there  is  a higher  visua 
centre  in  the  angular  gyrus  in  which  the  whole  of  the  opposite  held 
of  vision  is  represented,  that  of  the  same  side  being  also  represented, 
but  in  a lesser  degree  of  intensity.  Lesion  of  this  centre  is  said  to  cause 
amblyopia  of  the  opposite  eye  by  lowering  the  function  of  the  whole 
retina  and  reducing  the  size  of  the  visual  field  generally,  without  pro- 
ducing hemianopsia  (crossed  amblyopia).  It  also  produces  a slight 
constriction  of  the  field  of  vision  of  the  same  side.  Ferner  s experi- 
ments on  animals  support  the  view  of  the  existence  of  a centre  lor 
vision  in  the  angular  gyrus,  but  the  evidence  in  favor  of  it  in  man  is 
very  slight,  and  many  writers  do  not  believe  in  the  existence  ot  crossed 
amblyopia. 


CHAPTER  X. 


DISEASES  OF  THE  CRYSTALLINE  LENS. 

By  EDWARD  C.  ELLETT,  M.D. 

Anatomy.  The  crystalline  lens,  or,  as  it  is  commonly  called,  the 
lens,  is  a biconvex  transparent  body  which  lies  in  the  anterior  por- 
tion of  the  eye,  and,  together  with  its  suspensory  ligament,  serves 
to  separate  the  vitreous  chamber  behind  from  the  aqueous  chambers 
in  front.  (Fig.  259.)  The  posterior  surface  is  the  more  convex. 


Fig.  259. 
Cornea 


The  anterior  segment  of  the  eye.  (M edified  from  Gray’s  Anatomy.) 


The  lens  is  composed  of  a harder  central  portion  known  as  the  nucleus, 
and  a softer  outer  portion  ki  own  as  the  cortex.  The  boundary  line 
between  these  two  portion;}  is  not  sharply  defined,  the  nucleus  deriv- 
ing its  greater  density  Irom  a process  which  consists  essentially  in 
a loss  of  fluid,  and  this  being  a progressive  process  the  nucleus  in- 
creases in  size  at  tie  expense  of  the  cortex  in  proportion  to  the  age 
of  the  individual.  The  nucleus  has  a yellowish  color  as  compared 
to  the  corttx,  and  also  a greater  refractive  power.  In  elderly  per- 
sons these  properties  frequently  make  the  lens  as  seen  through  the 
pupil  present  a grayish  or  opaque  appearance,  due  to  increased 
refleci ion  of  light  from  the  surface  of  the  lens  (increased  lens  reflex), 
ard  diis  may  be  mistaken  for  opacity  of  the  lens,  although  the  vision 
is  not  impaired  by  it,  and  examination  with  reflected  light  (ophthal- 
moscope) shows  the  lens  to  be  perfectly  clear. 

(474) 


Normal  lens  fibres  cut  longitudinally.  X 100.  (Prepared  by  Dr.  E.  S Thomson,  in  the  laboratory 
of  the  Manhattan  Eye  and  Ear  Hospital.) 

are  elongated  epithelial  cells,  and  are  arranged  in  bundles,  these 
bundles  being  so  placed  that  their  lines  of  union  form  a st  dlate  figure 

FIG.  261. 


Sectors  in  crystalline  lens.  (Testut.) 


radiating  fro  n the  centre  of  each  surface  of  the  lens,  and  often  visible 
on  oblinue  illumination  in  the  normal  eye.  (Fig.  261.)  Besides 
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the  nucleus  and  cortex,  we  distinguish  the  poles  of  the  lens;  that  is, 
the  centre  of  its  anterior  and  posterior  surfaces,  known  respectively 
as  the  anterior  and  the  posterior  poles.  The  circumference  of  the  lens 
is  known  as  the  equator. 

The  average  size  of  the  lens  is  9 mm.  in  diameter  and  4 mm.  in 
thickness  at  the  central  or  thickest  part.  From  the  centre  it  slopes 
away  gradually  until  the  two  surfaces  meet  at  the  thin  edge  or  equator. 

The  lens  is  enclosed  in  a delicate  structureless  lining  membrane 
of  perfect  transparency,  known  as  the  capsule.  This  is  divided  into 
two  portions : that  on  the  anterior  face  being  called  the  anterior 
capsule,,  that  on  the  posterior,  the  posterior  capsule.  The  anterior 
capsule  is  lined  on  its  lenticular  surface  with  a layer  of  epithelial  cells, 
from  which  new  lens  fibres  are  developed. 

The  lens  rests  in  a cup-shaped  cavity  of  the  vitreous,  called  the 
fossa  patel laris,  or  hyaloid  fossa.  In  front  it  is  separated  from  the 
pupillary  border  of  the  iris  by  a thin  layer  of  the  aqueous  humor, 
this  layer  being  so  thin  that  the  pupillary  border  of  the  iris  and  the 
anterior  lens  capsule  may  be  considered  as  being  in  contact.  The 
lens  is  held  in  place  by  its  suspensory  ligament,  called  the  zone  of 
Zinn.  This  is  a fibrous  structure  which  arises  from  the  pars  ciliaris 
retina1  as  far  back  as  the  ora  serrata,  the  surface  of  the  ciliary  body, 
and  the  ciliary  processes.  It  leaves  the  wall  of  the  eye  at  the  ciliary 
processes,  anil  divides  into  two  layers,  an  anterior  and  a posterior, 
which  unite  with  the  anterior  and  posterior  portions,  respectively! 
of  the  lens  capsule.  The  space  between  these  two  layers  of  the 
suspensory  ligament  is  known  as  the  circumlental  space,  or  canal  of 
Petit,  and  is  more  or  less  completely  divided  into  two  parts  by  a 
delicate  septum  running  from  the  ciliary  processes  to  the  equator 
of  the  lens.  The  anterior  layer  of  the  suspensory  'igament  presents 
numerous  small  openings  whereby  the  canal  of  Petit  communicates 
with  the  posterior  chamber,  both  being  lymph  sr  aces  and  both  con- 
taining aqueous  humor.  (Fig.  259.) 

The  lens  is  an  elastic  body  capable  under  certain  conditions  of 
changing  its  shape,  as  is  described  in  the  account  of  the  function  of 
accommodation. 

The  lens  does  not  contain  any  bloodvessels,  but  derives  its  nutri- 
tion by  imbibition  from  the  fluids  surrounding  it.  The  absence  of 
bloodvessels  prevents  it  from  piesenting  phenomena  of  inflamma- 
tion, and  the  way  in  which  it  is  nourished  explains  why  inflammatory 
conditions  of  the  choroid  o.ie.’t  a deleterious  influence  on  it. 

Embryology.  Very  eariy  in  the  development  of  the  embryo  the 
outer  layer,  or  epibEst,  is  thrown  into  a longitudinal  dorsal  furrow 
whose  sides  close  over  to  form  a tube,  the  medullary  tube.  From 
the  anterior  end  of  this  tube  are  thrown  out  processes  on  each  side, 
called  the  primary  optic  vesicles.  Each  of  these  vesicles  is  con- 
verted into  a cup  by  the  anterior  wall  receding  against  the  posterior 
wall. . The  layer  of  epiblast  over  this  cup-shaped  cavity  thickens, 
dips  into  the  cup,  and  this  portion  gradually  becomes  cut  off  from 
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the  rest  of  the  epiblast  and  forms  an  isolated  mass  of  epiblastic  tissue 
lying  in  the  cup  of  the  optic  vesicle.  From  this  mass  of  tissue  the 
lens  develops.  This  mass  of  epiblastic  cells  is  composed  roughly 
of  two  layers  of  cells,  an  anterior  and  a posterior.  From  the  posterior 
layer,  by  a process  of  elongation,  the  lens  fibres  are  formed,  the 
anterior  layer  of  cells  remaining  as  a thin  layer  of  cells  just  under 
the  anterior  capsule.  From  the  most  equatorially  situated  of  these 
cells  additional  lens  fibres  develop.  The  lens  attains  its  full  growth 
about  the  eighteenth  year,  after  which  time  the  formation  of  new 
fibres  continues  much  more  slowly,  at  a rate  to  compensate  for  the 
diminution  in  size  of  the  central  portion  from  contraction. 

It  will  be  seen  that  at  one  time  the  rudimentary  lens  occupies 
nearly  the  whole  of  the  rudimentary  eyeball.  At  the  time  of  birth, 
however, the  lens  has  become  reduced  to  almost  its  normal  relative  size, 
although,  as  stated,  further  changes  occur  until  the  eighteenth  year. 

The  lens  capsule  is  developed  from  a layer  of  mesoblastic  tissue 
which  surrounds  the  plug  of  epiblastic  tissue  when  it  grows  into  the 
optic  cup  to  form  the  lens. 


Fig.  262. 


Kidney-shaped  lens,  coloboma  inward. 
(Baas.) 


Fig.  263. 


Lenticonus  anterior. 
(Webster.) 


Fig.  264. 


T islocation  of 
the  lens. 


Congenital  Anomalies.  Congenital  anomalies  on  the  lens  may 
affect  its  size,  shape,  position,  and  transparency. 

Anomalies  of  Size.  Congenital  absence  ot  the  lens  (aphakia)  has 
been  noted  a few  times.  It  results  eith(  r from  arrest  of  development 
or  from  disease. 

The  lens  varies  in  size  at  different  a*n,s.  The  only  anomaly  of  size 
usually  recognized  is  that  in  which  the  lens  is  too  small  (microphakia). 
There  is  often  a relaxation  or  absence  of  the  suspensory  ligament  at 
the  same  time,  which  permits  she  lens  to  change  its  position. 

Anomalies  of  shape  are  of  two  sorts:  (1)  coloboma  lentis,  and 
(2)  lenticonus. 

Coloboma  of  the  ions  is  the  name  applied  to  a condition  in  which 
the  edge  of  the  bns  presents  at  some  point,  usually  downward,  a 
localized  flattening  or  a distinct  notch.  (Fig.  262.)  It  is  due  to 
an  arrest  of  development.  This  appearance  varies  in  shape  and  posi- 
tion, and  while  usually  single,  the  edge  of  the  lens  may  be  notched 
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in  several  places,  or  serrated.  This  anomaly  is  often  associated  with 
coloboma  of  the  iris  and  choroid. 

Lenticonus  is  a condition  in  which  a more  or  less  pointed  projection 
exists  on  the  anterior  or  posterior  surface  of  the  lens.  (Fig.  263.) 
The  projection  is  transparent  as  a rule,  but  an  opacity  may  exist  at 
its  apex.  The  cause  is  obscure. 

Anomalies  of  position  are  grouped  under  the  name  of  ectopia 
lentis  or  displacements  of  the  lens.  Except  in  the  rare  cases  where 
there  is  an  arrest  of  development  of  the  whole  organ  and  the  lens 
remains  in  its  foetal  position  in  the  vitreous  chamber,  the  dislocation 
occurs  in  the  direction  of  the  equator,  and  is  due  to  faulty  develop- 
ment and  consequent  weakness  of  some  part  of  the  suspensory  liga- 
ment. This  weakness  generally  exists  in  the  lower  part  of  the  eye 
in  the  position  of  the  foetal  cleft,  and  the  dislocation  is  in  the  opposite 
direction;  that  is,  upward  and  inward  or  upward  and  outward.  (Fig. 
264.)  The  whole  ligament  may  be  absent,  permitting  the  lens  to 
pass  through  the  pupil  and  lie  in  the  anterior  chamber.  This  con- 
dition is  usually  bilateral  and  symmetrical,  but  may  be  unilateral. 
It  is  also  frequently  hereditary,  when  the  anomaly  is  found  in  suc- 
cessive generations  of  a family.  The  displacement  varies  much  in 
degree,  so  that  the  patient  may  see  either  through  the  lens  or  through 
the  part  of  the  pupil  which  contains  no  lens,  or,  according  to  the 
position  of  the  head,  either  through  the  lens  or  unobstructed  pupil 
at  will.  The  lens  is  at  first  clear,  and  remains  so  in  the  majority  ol 
cases,  but  may  become  opaque  in  time.  Sometimes  it  is  fixed  in  its 
abnormal  position,  and  sometimes  freely  movable,  depending  on  the 
condition  of  the  suspensory  ligament. 

The  treatment  of  ectopia  lentis  may  often  be  satisfactorily  con 
ducted  by  means  of  correcting  lenses.  If  the  dislocated  lens  is  so 
situated  as  to  allow  vision  always  thrc  igh  that  body,  or  always 
through  the  unobstructed  pupil,  glasses  to  correct  the  refraction, 
concave  as  a rule  in  the  former  case  and  strongly  convex  in  the  latter 
(just  as  in  aphakia),  will  often  give  useful  vision.  In  other  cases 
it  will  be  impossible  to  secure  satisfactory  vision  in  this  way,  and 
the  lens  must  be  removed  by  the  uperation  of  solution,  to  be  described 
later.  This  treatment  results  in  absorption  of  the  lens,  leaving  the 
eye  aphakic,  and  requiring  strong  convex  glasses,  as  will  be  men- 
tioned in  considering  the  treatment  of  cataract.  AVhere  the  lens  be- 
comes opaque,  it  is  usually  advisable  to  remove  it  by  the  same  means. 

Anomalies  of  tram  parency  include  the  various  forms  of  congenital 
cataract.  These  are:  1.  Anterior  polar  cataract.  2.  Posterior  polar 
cataract.  3.  Lamellar  or  zonular  cataract.  A detailed  description 
of  these  end  tne  method  of  treating  them  will  be  given  in  consider- 
ing the  subject  of  opacities  of  the  lens. 

Wounds  and  Injuries.  Injuries  to  the  lens  are  of  two  kinds : First, 
the  ions  is  displaced  from  its  normal  position,  constituting  traumatic 
luxation  of  the  lens.  Second,  the  lens  is  the  seat  of  a penetrating 
wound  which  is  usually  followed  by  traumatic  cataract. 
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Traumatic  displacements  of  the  lens  are  the  result  of  injuries  to  the 
suspensory  ligament.  The  displacement  may  be  partial  or  complete. 

Partial  displacements  of  the  lens  (subluxation)  result  from  an 
injury  whose  effect  is  so  localized  as  to  rupture  only  a portion  of  the 
suspensory  ligament,  and  without  leaving  its  normal  position  the 
edge  cf  the  lens  nearest  the  seat  of  rupture  tilts  forward,  causing 
astigmatism  and  consequent  disturbance  of  vision.  The  lens,  as  a 
rule  in  these  cases,  remains  transparent,  and  the  treatment  consists 
in  correcting  the  resulting  astigmatism  by  glasses.  Considerable 
spontaneous  improvement  may  occur,  or  the  lens  may  become  opaque, 
when  it  is  dealt  with  as  if  the  opacity  resulted  from  other  than  trau- 


Fig.  265. 


Lens  luxated  upon  the  ciliary  body.  The  lens  is  becoming  catu -actons  and  is  bound  down  by 
fibrous  tissue.  From  an  eye  which  caused  sympathetic  irritatir  n .n  the  fellow  eye.  X 15.  (Pre- 
pared by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Man  ha  .tan  and  Ear  Hospital.) 


matic  causes.  (Fig.  265.)  The  lens  may  in  its  new  position  cause 
so  much  inflammatory  disturbance  ar  U)  result  in  the  loss  of  the  eye. 

Complete  dislocation  of  th * lens  follows  an  injury  which  causes 
complete  rupture  of  the  suspensory  ligament,  thus  permitting  the 
lens  to  leave  its  bed  entirely.  The  capsule  of  the  lens  is  generally 
not  ruptured.  The  dislocation  may  occur  in  one  of  several  directions . 
1.  Forward  into  the  anterior  chamber.  2.  Backward  into  the  vit- 
reous chamber.  3 Through  a rupture  in  the  coats  of  the  eyeball 
into  the  capsule  of  Tenon  or  under  the  conjunctiva.  Owing  to  the 
elasticity  of  the  latter  membrane,  it  will  sometimes  not  yield  to  an 
injury  which  vi  ptures  the  sclerotic,  choroid,  and  retina,  and  the  lens 
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passing  through  a rupture  in  these  coats  lodges  under  the  conjunctiva, 
which  stretches  to  accommodate  it. 

The  symptoms  of  dislocation  of  the  lens  are,  in  the  first  place,  dim- 
ness of  vision.  By  removal  of  the  lens  from  an  eye  whose  refraction 
is  hyperopic  or  moderately  myopic,  rays  of  light  are  no  longer  focused 
on  or  sufficiently  near  the  retina  to  permit  of  clear  vision.  Other 
conditions  which  result  from  the  injury  may  also  contribute  to  cause 
dimness  of  vision,  such  as  vitreous  hemorrhages,  rupture  of  the 
choroid,  hemorrhage  into  the  anterior  chamber,  etc.  There  are  two 
conditions  in  which  dislocation  of  the  lens  would  cause  improvement 
instead  of  deterioration  of  vision.  These  are  when  the  lens  is  opaque 
and  when  the  eye  is  highly  myopic.  In  both  of  these  conditions 
operations  for  the  removal  of  the  lens  are  resorted  to  for  the  purpose 
of  improving  vision,  by  removing  a mechanical  obstruction  to  sight 
in  the  first  instance,  and  by  changing  the  refraction  of  the  eye  in  the 
second  instance. 

If  the  lens  is  dislocated  into  the  anterior  chamber,  it  can  be  seen 
as  a clear  or  opaque  disk,  as  the  case  may  be,  in  this  position.  (Fig. 
266.)  If  clear,  the  iris  and  pupil  can  be  seen  through  it.  It  is  apt 


Fig.  266. 


Opaque  lens  dislocated  in* ^ he  anterior  chamber. 


to  excite  inflammation  in  the  eye.  and  invariably  does  so  in  that 
part  of  the  cornea  with  which  it  is  in  contact.  It  may  also  cause 
glaucoma.  It  should  be  removed  from  the  eye  by  solution  or  extrac- 
tion. 

If  dislocated  into  the  capsule  of  Tenon,  which  is  very  rare,  or 
under  the  conjunctiva,  the  lens  can  be  seen  in  its  new  position,  and 
its  absence  from  ifc  normal  position  is  indicated  by  the  fact  that  the 
refraction  of  the  eye  is  highly  hyperopic  and  the  catoptric  images 
cannot  be  seen.  If  not  itself  disturbed  by  the  injury,  the  iris  is  seen 
to  be  trermJ.ous  on  movement  of  the  eye,  because  it  no  longer  has  its 
normal  support  behind.  The  gravity  of  this  condition  does  not 
pertam  to  the  lens  or  its  new  position,  but  to  the  rupture  of  the  coats 
of  i he  eye,  and  varies  with  the  site  and  extent  of  this  rupture. 

The  lens  may  be  left  alone.  If  it  is  deemed  advisable  for  any 
reason  to  extract  it,  this  should  not  be  attempted  until  the  scleral 
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wound  has  healed,  as  we  would  otherwise  convert  a simple  scleral 
wound,  to  borrow  an  analogy  from  general  surgery,  into  a compound 
one,  and  through  this,  protrusion  of  the  other  coats  or  ocular  con- 
tents may  occur,  adding  greatly  to  the  gravity  of  the  injury.  When 
the  scleral  wound  has  healed,  the  lens  may  be  removed  through  an 
incision  through  the  conjunctiva  (and  capsule  of  Tenon  when  neces- 
sary), placed  as  far  as  possible  from  the  scleral  scar. 

Dislocation  into  the  vitreous  chamber  is  by  far  the  most  common 
form  of  traumatic  dislocation.  The  lens  loosened  from  its  attach- 
ments sinks  downward  and  backward  into  the  vitreous,  where  it 
may  be  made  to  rise  and  be  seen  through  the  pupil  by  up-and-down 
movements  of  the  ball  similar  to  those  practised  for  the  study  of 
opacities  in  the  vitreous  (ocular  ballottement).  It  was  formerly 
the  custom  to  treat  cataract  by  depressing  the  lens  downward  and 
backward  into  the  vitreous,  and  we  have  abundant  records  of  the 
effect  of  this  form  of  dislocation.  Sooner  or  later  the  lens,  acting 
as  a foreign  body,  will  excite  inflammatory  and  degenerative  changes 
in  the  vitreous,  choroid,  or  retina,  which  destroy  or  greatly  impair 
the  sight.  It  may  also  cause  glaucoma.  For  these  reasons  this 
method  of  treating  cataract  has  been  abandoned,  and  for  these  reasons 
it  is  desirable  to  remove  the  lens  from  the  vitreous  if  possible.  The 
operation  is  dangerous  on  account  of  the  tendency^  of  the  vitreous 
to  escape  from  the  eye  when  an  incision  is  made  into  the  cornea. 
The  lens,  too,  is  far  from  the  corneal  incision,  and  must  usually  be 
brought  forward  by  means  of  a delicate  wire  loop.  To  facilitate  th e 
capture  of  the  lens,  it  has  been  suggested  to  operate  with  the  patient 
lying  face  downward,  this  favoring  the  seeking  by  the  lens  of  ns  r.at- 
ural  position,  or  the  lens  may  be  coaxed  into  this  position  and  fixed 
there  by  a two-pronged  needle  or  bident  thrust  into  the  eye  through 
the  sclerotic  behind  the  ciliary  process,  and  thus  behmd  the  lens, 
which  it  holds  in  place  by  pressure.  The  steps  in  the  removal  of 
the  lens  will  be  sufficiently  detailed  in  speaking  ji  the  treatment  of 

cataract.  . ... 

In  whatever  position  the  lens  may  be  dislocateu,  it  almost  invariably 

becomes  opaque  sooner  or  later. 

Wounds  of  the  Lens  and  Traumatic  Ct  taract.  It  is  very  nearly 
true  that  a wound  of  the  lens  means  traumatic  cataract , but  trau- 
matic cataract  may  be  due  to  other  injuries  than  wounds  of  the  lens. 
In  other  words,  traumatic  cataract  may  occur  without  rupture  of 
the  lens  capsule.  This  is  not  common,  but  it  has  been  observed 
that  contusions  and  concussions  of  the  eye  may  be  followed  either 
immediately,  or  after  some  "lays  or  weeks,  by  the  formation  of  opaci- 
ties in  the  lens.  These  opacities  may  be  stationary  or  progressive, 
although  there  is  very  seldom  any  clearing  up  of  them  observed,  and 
it  is  certainly  not  to  be  expected.  This  form  of  lenticular  opacity 
is  more  apt  than  any  other  to  remain  stationary,  or  if  it  progresses 
it  does  so  at  a slow  rate.  The  prognosis  to  the  eye  from  this  form  of 
cataract,  per  se,  is  therefore  good.  Progressive  opacities  of  this 

31 


482 


THE  EYE. 


character  require  removal  of  the  lens  by  operation,  either  by  extrac- 
tion or  by  solution.  The  choice  between  these  methods  will,  as  a 
rule,  depend  on  the  consistency  of  the  lens  as  estimated  by  the  age 
of  the  patient,  solution  being  adapted  to  patients  under  twenty- 
five  or  thirty  years,  and  extraction  to  patients  over  that  age. 

We  take  advantage  of  the  possibility  of  causing  opacity  of  the  lens 
by  contusion  without  rupture  of  the  capsule  in  the  operation  of 
massage  of  the  lens,  which  is  sometimes  performed  to  hasten  the 
maturation  of  a cataract,  to  be  described  later. 

Traumatic  cataract  from  rupture  of  the  capsule  of  the  lens  usually 
results  from  a penetrating  wound.  The  formation  of  this  variety 
of  traumatic  cataract  depends  on  the  fact  that  if  the  aqueous  humor 
comes  in  contact  with  the  fibres  of  the  crystalline  lens  it  causes  them 
to  swell  and  become  opaque,  and  in  time  completely  dissolves  the 
lens  after  it  has  undergone  the  process  of  swelling  and  opacification. 


Fig.  267. 


Traumatic  cataract,  showing  splittin  ' u*>  of  fibres  and  formation  of  spherical  masses.  There  are 
numerous  swollen  fibres  which  shr  vv  tra^c/erse  striations.  X 100.  (Prepared  by  Dr.  E.  S.  Thomson, 
in  the  laboratory  of  the  Manhattai  Eye  and  Ear  Hospital.) 

(Fig.  267.)  Rupture  of  the  capsule  and  traumatic  cataract  may 
result  from  a contusion  of  the  eye,  but  for  the  purpose  of  study  the 
process  is  observed  best  where  it  follows  the  operation  of  needling 
the  lens.  Here  a wound  is  made  in  the  capsule  and  lens  with  a 
needle  thrust  through  the  cornea.  By  oblique  illumination  and  a 
magnifying  lens  the  rent  in  the  capsule  can  be  seen  at  once;  but  the 
track  of  the  wound  in  the  substance  of  the  lens  is  not  usually  visible 
for  several  hours.  As  the  aqueous  gains  access  to  the  lens  through 
tlio  rent  in  the  capsule,  the  portions  nearest  the  opening  become 
opaque  and  swollen,  and  are  apt  to  be  extruded  into  the  anterior 
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chamber,  as  there  is  not  room  for  them  in  their  swollen  condition 
within  the  capsule.  We  can  thus  find  one  or  more  masses  of  opaque 
lens  matter  lying  in  the  anterior  chamber.  The  process  continues, 
more  and  more  of  the  lens  breaking  down  and  being  pushed  out  into 
the  anterior  chamber.  Sometimes  when  the  wound  of  the  lens  is 
small  the  aqueous  humor  filters  in  along  the  wound  path,  and  finds 
its  way  from  this  along  the  interspaces  between  the  lens  fibres,  show- 
ing as"  beautiful  festoons  of  opaque  lines,  sometimes  resembling  the 
skein  figures  seen  in  the  process  of  karyokinesis. 

In  the  process  as  described,  the  absorption  of  the  lens  is  supposed 
to  advance  in  a gradual  way  to  its  completion.  It  very  often  hap- 
pens that  the  wound  in  the  capsule  is  so  large  that  a considerable 
portion  of  the  lens  is  subjected  to  the  influence  of  the  aqueous,  and 
becomes  swollen  at  once.  In  this  case  the  augmentation  of  the 
intra-ocular  contents  is  so  great  that  the  tension  is  increased  and 
glaucomatous  symptoms  appear. 

Penetrating  wounds  of  the  lens  are  necessarily  complicated  by  a 
wound  of  some  coat  of  the  eye,  generally  the  cornea,  through  which 
the  wounding  body  reaches  the  lens.  Frequently  the  iris  is  also 
wounded,  and  the  offending  substance  may  go  through  the  lens  to 
the  deeper  parts  of  the  eye.  The  wound  may  be  so  extensive  that 
the  injury  to  the  lens  becomes  of  minor  importance  compared  with 
the  serious  nature  of  the  injury  to  other  structures. 

We  have  spoken  only  of  traumatic  cataract  resulting  from  the 
action  of  the  aqueous  humor.  In  a few  cases  it  has  been  obser\od 
that  the  posterior  capsule  alone  was  ruptured,  and  opacity  of  the 
lens  resulted  from  the  action  of  the  vitreous  humor.  The  scticn  of 
the  vitreous  in  this  respect  is  very  much  less  intense  and  rapid  than 
that  of  the  aqueous,  but  it  should  be  remembered  that  traumatic 
cataract  may  follow  a rupture  of  the  posterior  capsule. 

Where  the  injury  is  wrought  by  a small  foreign  body,  this  some- 
times lodges  in  the  lens.  Its  principal  effect  is  the  production  of 
cataract,  the  presence  of  the  foreign  body  adding  very  little  to  the 
gravity  of  the  case.  Even  if  the  foreign  b^uy  is  infected,  the  lens 
being  peculiarly  resistant  to  infection  hun.  pathogenic  germs,  sup- 
puration in  the  eye  does  not  necessarily  folk  w. 

When  the  wound  of  the  capsule  is  small,  it  may  close  so  quickly 
and  so  completely  after  the  woun^  ?s  made  that  the  lens,  substance 
is  not  exposed  to  the  action  of  the  ir.tra-ocular  fluids.  This  is  analo- 
gous to  the  manner  in  which  the  corneal  wound  closes  behind  the 
needle  in  the  operation  of  discission,  and  the  aqueous  humor  does 

not  escape.  . , . , , , . - 

A rare  form  of  traumatic  cataract  is  that  caused  by  heating  ol 
the  aqueous  humor  in  applying  the  actual  cautery  to  the  cornea  in 

certain  diseases  of  that  membrane.  . . 

Treatment.  The  treatment  of  traumatic  cataract  consists,  in  the 
first  place,  in  an  effort  to  secure  mechanical  and  surgical  cleanliness 
of  the  wound  on  the  surface  of  the  eye.  Any  protruding  portions 
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of  iris  or  other  of  the  ocular  contents  are  replaced  or  excised  and  the 
conjunctival  sac  flushed  with  a mild  antiseptic  solution.  This  part 
of  the  treatment  is  dealt  with  in  detail  under  the  head  of  Wounds  of 
the  Cornea  and  Iris.  Atropine  is  instilled,  and  the  patient  put  to 
bed.  The  object  of  the  atropine  is  to  place  the  eye  at  rest,  and,  by 
withdrawing  the  iris  into  the  periphery  of  the  anterior  chamber,  to 
allow  room  for  the  swelling  of  the  lens.  The  solution  generally 
used  is  of  the  strength  of  four  grains  of  sulphate  of  atropine  to  the 
ounce  of  distilled  water,  the  solution  and  dropper  being  sterilized. 
It  is  a good  plan  to  incorporate  some  non-irritating  antiseptic,  such 
as  boric  acid,  with  the  solution;  otherwise  it  is  difficult  to  keep  the 
solution  sterile,  as  the  receptacle  containing  it  is  frequently  opened 
and  the  solution  exposed  to  the  air.  A light  antiseptic  dressing 
and  bandage  are  applied,  at  least  until  the  external  wound  has 
closed. 

If  reaction  is  excessive,  it  is  controlled  best  by  the  application  of  ice 
compresses  and  the  internal  administration  of  calomel  in  doses  of  one- 
tenth  of  a grain,  combined  with  bicarbonate  of  sodium,  every  hour 
until  free  purgation  or  “ touching  of  the  gums”  makes  it  advisable  to 
discontinue  it.  As  calomel  is  given  in  this  way  for  its  antiphlogistic 
effect,  and  often  fails  to  purge,  a saline  cathartic  had  best  be  also 
given,  and  the  patient's  general  health  and  secretions  kept  in  good 
condition.  Under  this  treatment  traumatic  cataract  will  often  be 
gradually  dissolved.  Excessive  swelling  of  the  lens  may  occur,  pro- 
ducing glaucomatous  symptoms.  The  eye  becomes  the  seat  of  intense 
pain  which  radiates  to  the  frontal,  temporal,  ma^ai , and  even  occipital 
region.  Conjunctival  injection  is  marked,  and  oalpation  reveals  an 
increased  intra-ocular  tension.  These  symptoms  are  readily  explained 
by  finding  the  anterior  chamber  filled  with  the  swollen  and  opaque 
lens  matter.  This  condition  necessitates  evacuation  of  part  or  all 
of  the  lens  matter  by  the  operation  of  simple  linear  extraction,  which 
will  be  described  in  considering  the  treatment  of  cataract.  It  is  best 
to  remove  all  of  the  lens  matter  that  can  be  removed,  since  this  not 
only  more  effectually  relieves  the  glaucomatous  symptoms,  but  renders 
their  recurrence  less  probable  and  hastens  the  cure  of  the  condition 
by  leaving  only  a small  amount  of  the  lens  to  be  dissolved  by  the 
aqueous  humor. 

Another  potent  reason  for  evacuating  the  swollen  lens  matter 
when  considerable  in  amount  was  mentioned  in  speaking  of  disloca- 
tion of  the  lens  into  the  anterior  chamber,  namely,  that  pressure  of 
the  lens  op  the  posterior  surface  of  the  cornea  may  excite  inflamma- 
tion or  even  Ploughing  of  that  membrane. 

In  some  cases  of  traumatic  cataract,  especially  where  the  wound 
is  small,  the  lens  becomes  opaque,  but  is  not  absorbed.  Under  these 
circumstances  it  should  be  removed  by  solution  or  extraction  in  the 
«am  j manner  and  for  the  same  reasons  as  if  dealing  with  a monocular 
cataract  due  to  other  than  traumatic  causes.  In  children  a cataract 
in  one  eye  if  let  alone  for  a long  time  may  produce  amblyopia  from 
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disuse,  and  the  operation  when  ultimately  performed  may  not  be 

followed  by  a good  visual  result.  , . . , 

Traumatic  cataract  may  be  followed  by  the  formation  of  a second- 
ary capsular  cataract,  or  after-cataract,  which  must  be  dealt  with 

Opacities °of *the  Lens.  All  opacities  of  the  lens  and  its  capsule 
are  included  under  the  name  cataract.  This  name  is  a relic  of  the 
time  when  the  nature  of  these  opacities  was  not  understood,  and  no 
distinction  could  be  made  between  the  different  kinds  of  opacities. 
Usage  has  established  the  name  so  firmly  in  our  nosology  that  it  will 
probably  be  permanently  retained,  and  great  confusion  would  follow 
any  attempt  to  abandon  it. 

The  following  classification  includes  the  forms  of  cataract  met 
with  clinically: 

f Anterior  capsular. 

Capsular  opacities.  1 posterior  capsular. 

y Secondary,  or  after-cataract. 

f Stationary  (partial). 

Lenticular  opacities.  1 

l Progressive. 


Congenital. 

Acquired. 


j Zonular  cataract. 

I Circumscribed  opacities. 

( Nuclear, 
t Cortical. 


Capsular  cataracts  are,  as  the  name  implies,  opacities  confined  to 

the  capsule  of  the  lens.  . . *4.1 

Anterior  capsular  or  polar  cataracts  are  of  two  kinds,  convemen  ly 
considered  as  congenital  and  acquired.  We  have  seen  that  the 
anterior  capsule  has  an  epithelial  lining  on  its  lenticular  sui  face. 
Anterior  capsular  cataract  consists  in  a proliferation  of  these  epi- 
thelial cells,  which  become  elongated  and  form  a mass  of  opaque 
tissue  resembling  fibrous  tissue,  lying  between  the  clear  <^psule  “ 
the  clear  lens,  neither  of  which  is  affected  by  it.  O y -b» •)  1 

mass  is  not  fibrous  tissue,  for  it  develops  from  epithelial  (epiblastic) 
cells.  In  the  congenital  form  of  anterior  capsular  cataract  the  con- 
dition is  due  to  some  developmental  error  not  yet  determined.  In 
the  acquired  form,  which  arises,  as  a rule,  during  childhood,  the  firs 
step  is  an  ulceration  of  the  cornea,  which  perforates  and  allows  the 
aqueous  humor  to  escape  and  the  lens  to  fall  forward  and  apply 
itself  to  the  opening.  By  contiguity  inflammation  is  set  up  in  the 
Sluli  epithelial  ills,  and  tbef  proliferate  Closure  of  the  comeal 
opening  and  reaccumulatior  ct  the  aqueous  humor  results  in  replace- 
ment of  the  lens  to  its  natural  position.  We  can  see  the  cornea 
opacity,  suggesting  the  cause,  and  sometimes  a thread  of  tissue  may 
be  seen  connecting  the  corneal  opacity  with  the  lenticular  one.  n 
these  cases  there  is,  in  addition  to  the  epithelial  rnass  beneath  the 
capsule,  usually  i plug  of  connective  tissue  deposited  on  the  anterior 
surface  of  the  capsule  (pyramidal  cataract).  , • • 

Posterior  caosular  or  polar  opacities  have  a very  different  orig 
and  are  aW  congenital.  In  foetal  life  a bloodvessel,  the  hyaloid 
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artery,  runs  through  the  vitreous,  connecting  the  optic  disk  and  the 
posterior  surface  of  the  lens.  This  usually  atrophies,  but  sometimes 
a remnant  of  tissue  remains  at  the  site  of  the  juncture  of  the  hyaloid 
artery  and  the  posterior  surface  of  the  lens,  and  this  constitutes 


Fig.  268. 


Epithelial  proliferation  (at  A A)  beneath  the  capsule.  From  a of  choroidal  sarcoma.  To 
show  the  histology  of  anterior  capsular  cataract.  X 100.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the 
laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 


posterior  capsular  cataract.  (Fig.  269.")  As  will  be  seen,  it  differs 
from  anterior  capsular  cataract  by  lying  r n the  surface  of  the  capsule 
farthest  from  the  lens,  and  in  bein ^ fibrous  (mesoblastic)  instead  of 
epithelial.  Sometimes  the  hyaloid  artery  does  not  disappear,  but 
remains  in  its  entirety.  Capsular  caoaracts  are  stationary. 


Fig.  269. 


Posterior  polar  cataract. 


Lenticidar  opacities  are  far  more  common  than  capsular  opacities, 
so  much  so  that  the  word  cataract,  unless  qualified,  is  usually  taken 
to  mean  an  opacity  of  the  lens  itself. 

denticular  opacities  are  caused  by  anything  that  interferes  with 
the  normal  growth  of  the  lens.  In  this  way  errors  of  development, 
such  as  faulty,  delayed,  or  imperfect  development,  senility,  constitu- 
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tional  diseases,  and  other  diseases  of  the  eye,  especially  the  diseases 
of  the  uveal  tract,  which  is  especially  concerned  in  the  nutrition  ot 
the  eye,  act  as  causes  of  cataract.  The  low-grade  choroidal  inflam- 
mation, described  in  the  living  as  “ choroidal  disturbance,  brought 
about  by  eyestrain  attending  uncorrected  or  improperly  corrected 
errors  of  refraction,  is  held  to  be  a potent  cause  of  lenticular  cataract. 
The  writer  has  stated  the  causes  in  the  foregoing  manner  because 
that  idea  best  explains  the  greater  relative  frequency  of  cataract  in 
the  illiterate  and  ignorant  classes — e.  g.,  the  negro  race  in  whom 
errors  of  refraction  are  relatively  rare  and  use  of  the  eyes  in  a manner 
calculated  to  cause  eyestrain  very  unusual.  Cataract  is  common 
in  glassblowers  and  others  whose  occupation  exposes  them  to  high 
temperatures,  probably  because  these  excessive  temperatures  cause 


Fig.  270. 


Beginning  cataract.  The  nucleus  is  beginning  to  shrin  am'  a number  of  separations  in  the  fibre 
are  shown.  These  separations  are  filled  with  granular  m.  ♦ter  which  stains  deeply.  X 100.  (Pre- 
pared by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 


similar  conditions  of  the  choroid  The  manner  in  which  these  causes 
act  is  understood  best  when  we  consider  the 

Pathology  of  Lenticular  Opacities.  The  lens  grows,  as  we  have 
seen,,  by  the  formation  cf  new  fibres  from  the  layer  of  epithelial  cells 
which  underlie  the  anterior  capsule.  These  cells  become  fibres  by  a 
process  of  elongation,  anu  go  to  make  up  the  cortical  portion  of  the 
lens.  The  tendeic  r of  the  capsular  epithelium  to  take  on  this  fibrous 
structure  has  been'  seen  in  considering  anterior  capsular  cataract 
The  nucleus  is  me  oldest  part,  and  by  contraction  and  loss  ot  fluid 
gradual’^  becomes  more  dense  and  smaller.  If  the  growth  of  the 
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lens  is  arrested  by  senility  or  by  any  other  cause  which  interferes 
with  its  growth,  the  nucleus  continues  to  shrink,  and  small  spaces  are 
created  by  its  drawing  away  from  the  cortex.  (Fig.  270.)  These 


Fig.  271. 


Senile  cataract.  The  cortex  is  homogeneous.  Deeper  in,  the  fibres  are  separating  through  shrink- 
ing of  the  nucleus,  and  the  spheres  of  Morgagni  are  forming.  X 100.  (Prepar.-u  bj  Dr.  E.  S.  Thom- 
son, in  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 


Fig.  272. 


St*iile  cataract.  Separation  of  fibres  and  formation  of  spheres  of  Morgagni.  X 200.  (Prepared 
by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 
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spaces,  therefore,  as  a rule,  lie  in  the  perinuclear  region,  especially 
toward  the  equator.  These  spaces  become  filled  with  an  albuminous 
fluid,  like  serum,  which,  while  clear,  appears  opaque  as  compared  to 
the  fibres,  on  account  of  the  difference  in  the  index  of  refraction  of 
the  two.  Thus  the  first  appearance  of  cataract  when  seen  in  its 
period  of  development  is  of  opaque  lines  running  from  the  circum- 
ference Bv  oblique  illumination  these  lines  appear  gray,  but  by 
reflected  light  they  appear  black,  as  they  interfere  with  the  light 
reflected  back  from  the  fundus.  The  albuminous  fluid  in  the  spaces 
between  the  fibres  coagulates  to  form  drops,  called  the  spheres  ot 
Morgagni.  (Figs.  271  and  272.)  The  lens  fibres  next  to  these  spaces 


Fig.  273. 


Senile  cataract.  The  fibres  are  beginning  to  break  up,  and  the  lens  looks  granular  and  hom<«ene- 
ous.  X 100.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  o.  tne  Manhattan  Eye  and 
Hospital.) 


become  clouded  by  minute  fatty  drops,  and  swell  and  become  more 
and  more  opaque  by  fatty  degeneration  and  imbibition  of  the  fluid. 
(Figs  273  and  274.)  This  process  may  be  arrested  by  the  removal 
of  the  cause,  and,  except  in  senile  cataract,  the  lens  resumes  its 
normal  growth.  The  nucleus,  being  more  dense,  is  usually  the  least 
affected  by  the  process,  and  in  many  cataracts  it  is  yellow  and  com- 
paratively clear,  while  the  cortical  portion  is  milky  and  opaque,  it 
the  cataract  progresses  to  complete  opacity  of  the  lens,  the  same 
fluid  is  secreted  between  the  lens  and  the  capsule,  and  tends  to 
separate  them.  (Figs.  275  and  276.)  This  makes  removal  of  the 
lens  easier,  and  explains  why  we  prefer  to  delay  the  extraction  o 
progressive  cataracts  until  they  are  fully  opaque  or  ripe.  When 
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Fig.  274. 


Senile  cataract.  Showing  separation  of  fibres  and  granular  debris.  Fibres  cut  transvc v.  X 100. 
(Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan  Eye  and  Er  Hospi  .al.) 


Fig.  275. 


r^taract  following  iridocyclitis.  Showing  softening  of  the  cortex  and  separation  of  the  outer 
layers  of  the  nucleus.  X 15.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan 
Eye  and  Ear  Hospital.) 
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this  stage  is  reached,  the  whole  lens  contracts  until  the  increase  in 
size,  due  to  swelling  of  the  fibres  of  the  cortical  portion  is  lost  and  the 
lens  regains  its  original  size.  The  degeneration  of  the  fibres  con- 
tinues until  the  cortical  portion  is  converted  into  a puhaceous  opaque 
mass,  which  becomes  finally  perfectly  fluid,  and  in  this  fluid  the  still 
firm  nucleus  floats.  This  condition  is  known  as  hypermature  or 
Morgagnian  cataract.  The  fluid  portion  may  become  clear  and  the 
lens  in  a measure  regain  its  transparency,  but  not  its  consistency, 
and  some  improvement  in  vision  takes  place.  The  nucleus  never 
entirely  disappears,  although  it  becomes  progressively  smaller.  Cho- 
lesterin  crystals  may  form  in  the  fluid  part  of  a hypermature  cataract. 


Fig.  276. 


Senile  cataract.  The  cortical  layers  beneath  the  capsular  epithelium  a.-  seve™' 

lartre  swollen  nucleated  cells  show.  Below  these  are  a few  vacuoles  V-e,n  the  fibres  X 200. 
(Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhat'a.  1 e «,nu  ar  o p 


The  symptoms  of  cataract  consist  principally  in  diminution  of  the 
acuitv  of  vision.  In  the  early  stages  the  presence  of  areas  in  the 
lens  differing  in  refractive  index  from  the  lens  itself  may  give  use  to 
polyopia,  or  multiple  vision,  but  this  is  not  very  common.  The  eye 
surgeon  is  usually  consulted  on  account  of  dimness  of  vision, 
opacity  is  peripheral,  it  causes  very  little  inconvenience 
the  central  portion  of  the  lens  remains  clear.  Such  a person  sees 
best  with  a contracted  pupil  when  the  opaque  portions  are  hidden 
behind  the  iris.  On  the  other  hand,  if  the  opacity  is  central, 
patient  sees  best  when  the  pupil  is  dilated— e.  g.,  at  “S"™. 
retraction  of  the  iris  permits  the  passage  of  rays  of  light  through 
the  clear  peripheral  portions  of  the  lens.  As  the  opacity  progresses  1 1 
v sion  is  poor  under  all  circumstances,  and  the  pupil  assumes  a notice- 
ISy  gray  - white  color.  The  vision  is  never  entirely  lost  from 
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uncomplicated  cataract  j that  is,  the  patient  can  always  not  only  per- 
ceive light,  but  can  tell  the  direction  whence  it  comes.  If  a 
patient  with  cataract  is  unable  to  determine  the  location  of  a lighted 
candle  at  a distance  of  fifteen  feet  in  a moderately  darkened  room, 
we  may  be  sure  that  some  lesion  of  the  retina  or  optic  nerve  is  present, 
and  that  removal  of  the  cataract  will  not  be  attended  with  anything 
like  a perfect  restoration  of  vision. 

The  impairment  of  vision  which  is  observed  in  the  development 
of  a cataract  is  sometimes  due  to  another  cause  than  opacity  of  the 
lens.  It  frequently  happens  that  prior  to  the  development  of  any 
considerable  opacity  the  increasing  density  of  the  lens  renders  its 
refractive  index  higher  and  its  action  as  a lens  stronger.  The  result 
of  this  is  to  make  the  eye  myopic,  and  this  is  the  condition  which 
constitutes  so-called  “second  sight.”  A previously  emmetropic  or 
hyperopic  eye  becomes  myopic,  and  if  the  patient  is  at  an  age  when 
presbyopia  has  appeared  and  this  is  usually  the  case,  since  this  con- 
dition is  seen  oftenest  preceding  the  development  of  senile  cataract — 
he  finds  that  he  is  enabled  to  dispense  with  his  presbyopic  glasses 
and  read  with  the  unaided  eye.  The  distant  vision  is,  however, 
reduced.  Careful  examination  of  such  an  eye  will  seldom  fail  to 
show  commencing  cataractous  degeneration  of  the  lens.  An  attempt 
to  correct  this  newly  acquired  myopia  by  glasses  is  not  very  satis- 
factory , for  although  the  patient  may  read  the  letters  on  a test-card 
with  much  greater  fluency,  for  some  reason  the  glasses  do  not  seem 
to  render  him  much  practical  aid  in  vision.  The  wrifer  has  frequently 
seen  cases  of  this  character  in  whom  glasses  would  raise  the  distant 
vision  from  20/100  to  20/50,  or  more,  but  who  preferred  to  be  without 
them..  For  their  influence  in  relieving  eyts^ain  and  promoting 
nutrition  of  the  eye,  these  glasses  should  be  carefully  fitted  and  worn. 

The  course  of  cataract  is  variable.  We  may  except  the  different 
forms  of  stationary  cataract,  in  which  there  is  no  tendency  to  change, 
and  speak  only  of  progressive  cataract.  The  tendency  is  for  the 
opacity  to  advance,  but  this  occurs-  at  a very  variable  and  uncertain 
rate.  We  are,  therefore,  not  able  to  prognosticate  with  any  certainty 
the  length  of  time  which  a given  case  will  take  to  arrive  at  maturity 
and  be  ready  for  opera  lion.  The  process  may  advance  rapidly  for  a 
while,  and  then  remain  stationary  for  years,  or,  after  a long  period 
in  which  no  progress  is  made,  suddenly  advance  rapidly.  In  case 
both  eyes  are  affected,  we  can  argue  with  some  degree  of  confidence 
that  the  last  eye  to  be  affected  will  run  the  same  course  as  the  first 
one  did,  bui  there  are  many  exceptions  to  this.  A plain  statement 
of  all  these  facts  had  better  be  made  to  the  patient  or  the  patient’s 
friends  at  first.  In  a general  way,  it  may  be  said  that  about  two 
years  i.:  an  average  time  for  a senile  cataract  to  arrive  at  maturity, 
while  the  progressive  forms  of  cataract  in  younger  people  are  apt  to 
advance  more  rapidly  and  on  the  whole  with  greater  uniformity. 
The  value  of  this  statement  lies  in  the  fact  that  we  may  inform  the 
patient  that  it  is  not  likely  that  the  eye  will  be  ready  for  operation 
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in  less  than  two  years,  nor  is  it  apt  to  be  longer  than  three  or  four. 
But  this  statement  should  be  made  only  as  a mere  approximation, 
since  there  is  no  way  of  arriving  at  a more  accurate  prognosis. 

Progressive  cataracts  follow  a course  in  their  development  which 
admits  of  division  into  four  well-defined  clinical  stages: 

1.  Incipient  cataract.  In  this  stage  second  sight  may  be  present, 
but  the  opacity  is  recognizable,  especially  with  the  ophthalmoscope. 
No  other  changes  have  yet  occurred,  and  vision  is  present  to  a useful 
degree. 

2.  Intumescent  or  swollen  cataract.  The  lens  is  now  more  opaque, 
although  clear  areas  may  still  be  found;  but  the  fibres  are  swollen,  the 
lens  is  larger  than  normal,  the  iris  is  pushed  forward,  and  the  anterior 
chamber  is  shallow. 

3.  Mature  cataract.  The  lens  has  resumed  its  normal  size  and  is 
opaque  throughout. 

4.  Hypermature  cataract.  The  cortical  portion  has  undergone  soft- 
ening, or  even  liquefaction,  and  may  have  cleared  up  to  some  extent. 

Diagnosis.  The  diagnosis  of  cataract  is  to  be  made  by  careful 
examination  with  both  oblique  illumination  and  with  the  ophthalmo- 


Fig.  277. 
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Nuclear  cataract.  1.  Section  of  lens;  opacity  densest  at  centre.  2.  Opacity  as  seen  by  .”ans- 
mitted  light  (ophthalmoscopic  mirror),  with  dilated  pupil.  3.  Opacity  as  seen  by  refl  .cted  li^ht 
(focal  illumination).  The  pupil  is  supposed  to  be  dilated  with  atropine. 

scope,  and  should  aim  to  determine  not  only  the  presence  of  'enticular 
opacity,  but  also  the  precise  location,  stage  of  development,  and  kind 
of  cataract,  together  with  the  cause,  if  possible,  and  the  condition  of 
all  of  the  other  ocular  structures.  It  is  important  to  examine  the 
lens  with  the  pupil  fully  dilated  by  means  of  a mydriatic.  It  is 
extremely  important,  in  cases  seen  early,  to  make  a careful  examination 
of  the  fundus  of  the  eye,  since  the  oppc  rtunity  to  do  this  may  soon 
be  lost,  and  a knowledge  of  the  conditioi  lo  within  the  ball  is  highly 
advantageous  in  arriving  at  an  inteh’gcnt  opinion  as  to  the  cause  and 
course  of  the  cataract,  as  well  as  the  chances  for  a good  visual  result 
following  operation. 

By  oblique  illumination  opacities  in  the  lens  appear  as  gray  dots, 
masses,  or  streaks  against  a black  background.  (Figs.  277  and  278.) 
If  small  and  situated  deep  in  the  lens  or  very  near  the  equator,  they 
may  not  be  visible  at  all  i-y  this  method,  and  their  density  is,  as  a 
rule,  not  easy  to  determine.  Opacities  in  the  anterior  layers  of  the 
cortex  or  on  the  anterior  capsule  are  easily  seen  in  this  way,  and  we 
can  also  judge  of  Fie  depth  of  the  anterior  chamber  and  the  condition 
of  the  iris  as  to  color,  motility  of  the  pupil,  etc. 
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We  determine  when  a cataract  is  mature  by  concentrating  light 
on  it  from  the  side  (oblique  illumination).  If  the  cortex  is  not 
opaque,  the  iris  throws  a very  marked  shadow  through  the  clear  outer 

Fig.  278. 

12  3 

o 

Cortical  cataract.  References  as  in  preceding  figure. 

layers  on  the  opaque  central  portion  of  the  lens.  (Fig.  279.)  If 
the  lens  is  fully  opaque  (mature  cataract),  no  shadow  is  thrown. 

By  ophthalmoscopic  examination  opacities  appear  black  against 
a red  background,  and  on  the  whole  are  more  easily  seen.  We  can 
judge  very  well  of  their  density  by  this  method  according  to  the 
degree  of  blackness.  Faint  nuclear  opacities  can  be  detected  which 
escape  being  seen  by  oblique  illumination  altogether.  Except  in 
patients  whose  eyes  show  glaucomatous  tendencies,  the  pupil  should 
always  be  dilated  with  a weak  and  evanescent  mydriatic,  such  as  a 
2 per  cent,  or  4 per  cent,  cocaine  solution,  or  a 1 per  cent,  euphthalmine 
solution,  or  a combination  of  the  two  in  a 5 per  cent,  or  1 per  cent, 
solution.  Otherwise  peripherally  located  stride,  the  form  in  which 
senile  cataract  often  commences,  will  be  hidden  from  viev  by  the 
iris.  (Fig.  278.)  The  dilatation  of  the  pupil  also  enables  us  to  judge 


Fig.  279. 


L.  Shadow  of  the  iris  seen  from  in  frc  nt  ii  immature  cataract.  L Equals  source  of  light.  L L. 
Shadow  of  the  iris  upon  the  lens  seen  in  scLc:matic  cross-section.  L.  Equals  source  of  light.  (Fuchs.) 


of  the  condition  of  the  pupil  as  to  its  motility  and  the  presence  of 
posterior  synechia?.  The  extent  of  central  opacities  may  be  clearly 
defined  through  the  dilated  pupil,  and  the  condition  of  the  fundus 
studied  through  the  clear  peripheral  portions  of  the  lens. 

The  location  of  the  opacity,  if  small,  can  be  made  out  by  ophthal- 
moscopic examination  by  observing  the  motion  of  the  opacity  in 
regard  to  the  motion  of  the  pupillary  edge  of  the  iris.  If  the  opacity 
is  on  the  anterior  capsule  of  the  lens  or  in  the  anterior  portion  of  the 
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cortex,  it  will  appear  to  move  in  the  same  direction  as  the  eye  moves, 
i.  e .,  upward  if  the  patient  looks  upward.  This  is  determined  by 

Fig.  280. 


Diagrammatic  representation  of  method  of  detecting  location  of  lenticular  opacities  by  their 
movement  in  relation  to  the  movement  of  the  edge  of  the  pupil.  Fig.  280,  the  eye  is  looking 
straight  ahead.  Fig.  281,  the  ey*.  is  k oki  ig  upward.  Fig.  282,  the  eye  is  looking  downward,  i.  Iris. 
1.  Lens.  0.  Observer,  a.  Anterior  opacity.  6.  Central  opacity,  c.  Posterior  opacity.  Oc.  Line  of 
vision  of  observer. 


noting  its  distance  from  the  edge  of  the  pupil.  If  the  opacity  lies 
near  the  posterior  surface  of  the  lens,  it  will  appear  to  move  in  the 
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opposite  direction  to  the  movement  of  the  eye — i.  e .,  if  the  patient 
looks  upward,  the  opacity  appears  to  move  downward.  A central 
opacity — that  is,  one  equally  distant  from  the  two  surfaces — will 
move  very  little  or  not  at  all.  This  is  shown  in  Figs.  280,  281, 
and  282. 

Besides  noting  the  condition  of  the  lens  and  anterior  segment  of 
the  eye,  we  should,  if  the  condition  of  the  lens  permits,  examine  care- 
fully for  opacities  in  the  vitreous  and  for  evidences  of  disease  in  the 
optic  nerve,  retina,  and  choroid.  The  latter  being  the  nutritive  coat 
of  the  eye,  the  presence  of  any  disease  of  it  will  throw  light  on  the 
cause  of  the  lenticular  disease.  Evidence  of  disease  of  the  optic  nerve 
or  retina  will  govern  us  in  arriving  at  a prognosis  as  to  the  visual 
result  to  be  attained  by  operation. 

If  a view  of  the  fundus  cannot  be  obtained,  the  condition  of  the 
deeper  structures  should  be  determined  by  measuring  the  field  of 
vision.  This  can  be  done  even  in  mature  cataracts  by  means  of  two 
lighted  candles.  It  has  been  stated  that  cataract  alone  never  causes 
loss  of  the  ability  to  perceive  light;  hence,  in  the  absence  of  other 
disease  of  the  eye  a fairly  normal  visual  field  can  be  demonstrated 
by  the  candles.  Not  only  should  the  limits  of  the  field  be  mapped 
out,  but  the  central  region  studied  in  the  same  way  for  the  existence 
of  scotomata,  the  presence  of  which  would  modify  the  prognosis 
materially. 

The  condition  of  the  conjunctiva  should  be  noted  for  evidences 
of  present  or  past  inflammation,  and,  above  all,  should  we  carefully 
examine  into  the  condition  of  the  lacrymal  anoa^atus,  both  at  its 
ocular  and  nasal  extremities,  and  determine  if  the  apparatus  per- 
forms its  drainage  functions  properly  and  i&  free  from  inflammation. 
The  lacrymal  apparatus  is  probably  the  most  fruitful  source  of  post- 
operative infection  of  the  eye. 

The  eyeball  should  be  palpated  to  determine  if  tenderness  exists 
and  if  the  intra-ocular  tension  is  increased  or  diminished.  The  sig- 
nificance of  these  conditions  is  stated  elsewhere. 

The  general  condition  of  the  patient’s  health,  secretions,  urine,  etc., 
must  all  be  looked  into  before  our  investigation  and  diagnosis  are 
completed. 

Prognosis.  The  prognosis  of  cataract,  except  from  operative  treat- 
ment, is  for  permanent  blindness.  From  time  to  time  other  treat- 
ments are  exploded,  but  none  so  far  advanced  possesses  any  value. 
Massage  of  thQ  eyeball  through  the  closed  lids  has  had  some  support 
from  reputable  professional  sources,  but  has  practically  been  aban- 
doned as  whhout  value.  Other  treatments  by  the  instillation  of  cer- 
tain drugs,  such  as  cineraria  maritima  and  other  substances,  and 
various  “ absorption  treatments/’  have  emanated  from  unprofes- 
sional  sources  or  from  charlatans,  for  commercial  reasons,  and  are 
vilso  worthless. 

Spontaneous  clearing  of  cataractous  lenses  has  been  occasionally 
reported  by  observers  of  repute,  but  is  extremely  rare.  Risley  has 
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called  attention  to  the  fact  that  some,  at  least,  of  these  cases  were 
not  lenticular  opacities,  but  inflammatory  deposits  between  the  pos- 
terior capsule  and  the  vitreous,  and  were  of  choroidal  origin.  It  is 
easy  to  understand  the  disappearance  of  these  products,  but  in  a 
few  instances  clearing  up  of  true  lenticular  opacities  has  been  seen 
to  occur.  These  cases  are  ophthalmological  curiosities. 

Cataract  is  sometimes  “ cured  ” by  the  spontaneous  or  traumatic 
dislocation  of  the  lens. 

In  cataracts  which  are  allowed  to  advance  to  hypermaturity,  the 
fluid  cortical  substance  sometimes  becomes  sufficiently  clear  to  permit 
some  restoration  of  vision. 

The  prognosis  from  operation  is  good.  In  uncomplicated  cataract 
the  operation  of  removal  of  the  lens  should  yield  a good  visual  result 
in  about  90  per  cent,  of  cases.  The  prognosis  is  rendered  less  favor- 
able by  complicating  disease  of  the  eye  and  by  certain  depressed 
states  of  nutrition,  as  in  diabetes.  A careful  examination,  as  was 
mentioned  under  the  head  of  Diagnosis,  will  lead  to  the  detection  of 
these  conditions,  and  the  prognosis  can  be  modified  accordingly. 

In  considering  the  question  of  operation  for  cataract  on  patients 
who,  for  some  incurable  local  or  general  disease,  such  as  suppurative 
condition  about  the  eye,  trachoma,  or  diabetes,  nephritis,  pulmonary 
phthisis,  etc.,  offer  a bad  prognosis,  the  matter  should  be  explained 
fully  to  them  in  regard  to  the  risk  that  they  run  of  losing  the  eye, 
and  they  should  then  be  advised  to  have  the  operation  performed, 
for  the  reason  that  in  the  event  of  failure  their  condition  is  no  wors;- 
than  if  they  were  not  operated  on,  that  is  to  say,  they  are  blind  in 
either  event. 

The  clinical  varieties  of  cataract  have  been  stated  in  the  preceding 
pages. 

Capsular  Opacities.  1.  Anterior  capsular  or  polar  cataract  is 
either  congenital  or  is  acquired  in  infancy  as  the  result  of  corneal 
ulceration  and  perforation.  There  is  a subcapsukr  hyperplasia  of 
the  epithelium,  and  in  the  acquired  form  frequently  a deposit  of 
lymph  on  the  anterior  surface  of  the  capsule,  lining  what  is  some- 
times called  pyramidal  cataract.  From  this  filament  of  organized 
lymph  may  sometimes  be  seen  to  run  to  a small  corneal  opacity. 

2.  Posterior  capsular  or  polar  opacities  lie  on  the  posterior  layer 
of  the  capsule,  and  are  caused  by  failure  of  absorption  of  the  tissue 
where  the  foetal  hyaloid  artery  joms  the  lens.  Sometimes  the  hyaloid 
artery  persists,  and  may  be  filled  with  blood  or  may  have  its  lumen 
obliterated  and  appear  as  a connective-tissue  filament  running  from 
the  optic  disk  to  the  lens. 

3.  Secondary  or  after-cataract  is  the  name  applied  to  portions  of 
the  capsule  left  behind  in  the  pupillary  space  after  removal  of  the 
lens.  Unless  the  le  is  is  removed  in  its  capsule,  a secondary  cataract 
always  remains.  This  may  be  so  thin  as  not  to  interfere  with  vision, 
and  then  is  cf  little  clinical  importance.  On  the  other  hand,  it  may 
be  quite  dense  and  augmented  by  particles  of  lens  matter  enclosed 
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between  the  posterior  capsule  and  the  remains  of  the  anterior  capsule, 
and  further  thickened  by  a deposit  of  lymph  thrown  out  from  the 
iris  during  the  iritis  which  often  follows  operation  for  cataract. 
(Fig.  283.)  If  the  central  portion  of  the  secondary  cataract  is  suf- 


Fig.  283 


Remains  of  lens  after  a normal  cataract  extraction.  Showing  swollen  lea*  ilb*«s  surrounded  by 
iris  and  ciliary  exudate.  From  an  eye  which  was  enucleated  on  the  tomb  uay  for  iridocyclitis. 
X 15.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manha^a.'  Eye  and  Ear  Hospital.) 

ficiently  opaque  to  interfere  with  vision,  :t  requires  treatment  by 
the  operation  of  capsulotomy. 

Lenticular  Opacities.  1.  Stationar  y opacities  of  the  lens  are  of 
various  kinds : 

(a)  Circumscribed  opacities  of  the  lens  may  follow  a penetrating 
wound  confined  to  a small  area.  We  cannot  count  on  cataracts  of 
this  character  remaining  stationary,  but  the  clinical  fact  is  that 
they  sometimes  do,  and  may  even  disappear.  It  has  been  said 
that  in  some  of  these  cases  the  wound  in  the  capsule  is  minute  and 
instantly  closes,  keeping  out  the  aqueous  humor.  The  opacity  is 
then  due  to  mechanical  disturbance  of  the  lens  fibres.  Circumscribed 
opacities  of  other  than  traumatic  origin  are  sometimes  seen,  and  an 
adequate  explanation  of  them  is  hard  to  give.  The  most  common 
form  is  that  in  which  opaque  masses  and  spicuke  exist  in  the  lower 
and  inner  quadrant  of  the  lens,  as  described  by  J.  L.  Thompson. 
This  is  the  form  of  senile  cataract  which  is  most  apt  to  remain  partial 
for  a long  time.  Other  forms  are  punctate  opacities,  which  are 
multiple  and  may  occupy  almost  any  position;  stellar  opacities,  which 
arc  unusual  in  the  posterior  central  region  and  often  associated 
with  retinitis  pigmentosa  or  choroidal  disease,  and  vitreous  opacities ; 
central  cataract,  an  opacity  lying  near  the  centre  of  the  lens;  and 
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spindle  or  axial  cataract,  which  consists  of  a fusiform  opacity  running 
from  before  backward  through  the  centre  of  the  lens,  with  the  thickest 
portion  at  the  centre. 

(6)  Zonular  cataract  is  a common  form  of  congenital  or  infantile 
cataract.  From  arrest  of  development  or  growth  of  the  lens  a cataract 
begins  to  form  in  the  perinuclear  region.  The  cause  of  this  arrest  of 
development  or  growth  being  removed,  the  opacity  ceases  to  progress, 
the  surrounding  and  subsequently  formed  lens  substance  being  clear. 
The  condition  is  then  that  of  an  opaque  shell  lying  in  the  lens,  en- 
closing a clear  nucleus  and  enclosed  by  a layer  of  clear  cortex.  A 
repetition  of  the  process  at  a later  date  may  result  in  the  formation 
of  a second  opaque  zone,  separated  from  the  first  by  clear  lens  tissue. 
Zonular  cataract  may  become  progressive  by  the  overlying  layers 
becoming  opaque.  This  may  be  foretold  when  peripheral  opaque 
spicula*  are  seen  lying  in  front  of  the  opaque  zone.  These  spiculse 
from  their  relation  to  the  opaque  zone  are  called  “riders.”  By 
oblique  illumination  this  form  of  cataract  resembles  an  immature 
progressive  cataract.  The  ophthalmoscope  shows  the  centre  to  be 
slightly  clearer  than  the  peripheral  portions  of  the  opaque  area,  and 
surrounding  the  opacity  a clear  area  through  which  a bright  reflex 
is  obtained  and  the  fundus  can  be  seen.  (Fig.  284.)  The  appear- 


Fig.  284. 
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Lamellar  cataract.  1,  2,  3.  As  before.  4.  Shows  slight  grayness  of  the  undiluted  pupil,  owing  to 
the  layers  of  opacity  being  deeply  sealeu 


ance  of  clearness  in  the  centre  is  due  to  the  fact  that  the  opaque 
layers  are  further  separated  here,  while  at  the  edge  of  the  opacity  the 
two  opaque  layers  are  so  close  that  have  the  effect  of  one  thick 
layer.  Zonular  cataract  is  associated  so  often  with  a history  of 
convulsions  due  to  rickets  that  tney  are  generally  believed  to  bear 
a causal  relation  to  it. 

(c)  Anterior  and  posterioi  cortical  opacities  are  sufficiently  de- 
scribed by  their  name.  Vhey  are  lenticular  opacities,  in  contradis- 
tinction to  anterior  and  posterior  capsular  cataracts,  and  their  special 
cause  is  not  understood. 

2.  Progressive  cataracts  include  the  vast  majority  of  opacities  of 
the  lens.  While  sometimes  seen  in  young  adults,  they  usually  affect 
persons  over  ^orty  years  of  age,  and  constitute  what  are  spoken  of 
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as  senile  cataracts.  It  must  not  be  forgotten  that  progressive  cat- 
aracts may  be  seen  in  infancy — indeed,  at  any  age.  Before  the  age  of 
thirty  years  cataracts  partake  of  the  characteristics  of  the  normal 
lens  in  that  they  are  composed  largely  of  the  outer  soft  cortical  por- 
tions, and  of  relatively  little  nucleus.  Senile  cataracts,  on  the  other 
hand,  have  relatively  larger  nuclei,  and  are  called  hard  cataracts,  in 
distinction  from  juvenile  or  soft  ones.  There  is  always,  even  in  the 
aged,  a layer  of  softer  cortex  around  the  nucleus,  although  this  is  less, 
as  a general  rule,  the  older  the  patient.  Clinically,  we  distinguish 
soft  from  hard  cataracts,  when  mature,  by  the  fact  that  the  former 
are  of  a more  uniform  and  greater  whiteness,  while  the  latter  may 
be  quite  brown,  due  to  the  larger  brown  nucleus.  A very  large  and 
dark  nucleus  causes  what  is  called  black  cataract,  and  such  cataract 
may  be  all  nucleus  and  never  become  mature.  Senile  cataracts 
possess  four  fairly  well-defined  stages,  as  has  been  mentioned: 
1.  Incipient.  2.  Intumescent.  3.  Mature.  4.  Hypermature. 

Complicated  cataract  is  the  term  applied  to  cataracts  accom- 
panied by  other  intra-ocular  disease  of  such  a nature  as  to  give  rise 
to  complications  during  the  performance  of  the  operation  for  their 
removal.  Thus  corneal  opacities  which  obscure  the  view  of  the  field 
of  operation,  iritic  adhesions  which  bind  the  lens  in  place  fluidity 
of  the  vitreous,  rendering  its  escape  likely  during  the  operaiion,  are 
conditions  the  existence  of  which  would  justify  the  name  of  compli- 
cated or  complicate  cataract.  On  the  other  hand,  conjunctivitis, 
dacryocystitis,  optic  nerve  atrophy,  etc.,  may  militate  seriously 
against  the  success  of  the  operation,  but  custom  does  not  sanction 
the  designation  of  cataracts  accompanied  by  tnese  conditions  as 
complicate  cataract. 

A special  form  of  complicate  cataract  is  that  which  is  seen  following 
neglected  iritis.  The  pupil  is  contracted  to  a point,  and  this  small 
opening  is  filled  with  an  exudate  so  mtimately  adherent  to  the  cap- 
sule, which  is  also  opaque,  as  to  constitute  a capsular  cataract.  The 
iris  is  frequently  bound  to  the  capsule  by  this  membrane  over  its 
whole  extent,  and  the  lens  is  often  opaque.  Iritis  of  this  severity 
is  frequently  accompanied  by  cyclitis,  as  a result  of  which  the  intra- 
ocular tension  is  lowered. 

Etiology  of  Cataract.  To  reserve  until  now  a consideration  of  the 
causes  of  cataract  is  merely  to  recite  as  causes  conditions  whose 
modus  operandi  has  oeen  discussed  and  will  readily  be  understood. 

Congenital  cataracts  are  due  to  defective  development,  which  in 
turn  is  due  to  some  local  or  general  disease  of  the  mother.  Syphilis, 
tuberculosis,  or  other  diathetic  condition  may  act  in  this  way.  The 
defective  aevelopment  of  one  or  more  of  the  products  of  twin  or 
triple  piognancy  may  express  itself  in  this  form,  although  seldom  unas- 
sociated with  other  physical  and  possibly  mental  defects.  Trauma, 
either  directly  or  indirectly  to  the  lens,  is  a cause.  General  diseases 
which  affect  the  nutrition,  and  senility  through  a similar  cessation  of 
growth,  have  been  discussed  as  causes.  Local  diseases  of  the  eye, 
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Fig.  285. 


Shrinking  lens  in  a case  of  iridocyclitis.  X 15.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the  labora- 
tory of  the  Manhattan  Eye  and  Ear  Hospital.) 


Fig.  286. 


Remains  of  the  le  > _>  in  phthisis  bulbi  following  iridocyclitis.  X 15.  (Prepared  by  Dr.  E. 
Titomson,  in  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 
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particularly  choroidal  disease,  are  fruitful  causes.  (Fig.  285.)  Cho- 
roidal cataract  is  a well-defined  variety,  and  is  seen  often  in  young 


Section  from  a case  of  phthisis  bulbi  with  ossified  choroid,  showing  the  'ronverted  into  a 
nmss  of  fibrous  tissue.  X 15.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the  label  at  wy  of  the  Manhatan 
Eye  and  Ear  Hospital.) 


Fig.  287. 


Fig.  288. 


•Vrinkling  of  lens  capsule  and  softening  of  cortex  under  a large  iris  adhesion  (artificially  sepa- 
rated). From  a case  of  iridochoroiditis.  X 100.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory 
of  the  Manhattan  Eye  and  Ear  Hospital.) 
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persons.  In  this  form  the  lens  is  very  apt  to  undergo  calcareous 
infiltration,  and  presents  a porcelain-like  whiteness.  Diseases  ot  the 
eve  which  terminate  in  atrophy  of  the  globe  nearly  always  produce 
cataractous  lenses.  (Figs.  286  and  287.)  In  the  same  way  congeni- 
tally microphthalmic  eyes  have  opaque  lenses.. 

Eyestrain  from  uncorrected  errors  of  refraction  acts  as  a cause  by 
producing  a choroidal  disease  of  low  type  but  long  duration,  and 
thus  interfering  with  the  nutrition  of  the  lens.  Iritis  sometimes 
causes  cataract  by  the  traction  of  the  resulting  synechias.  We  cannot 
say  whether  this  acts  by  first  producing  a rent  in  the  capsule,,  or 
by  the  disturbance  due  to  traction  alone,  acting  just  as  a contusion 
or  massage  of  the  lens  does.  (Fig.  288.)  In  chronic  glaucoma  the 
lens  usually  becomes  opaque  in  time,  due  to  nutritive  disturbances 
in  the  eye  which  result  from  the  glaucomatous  process,  (rig. 


Fig.  289. 


leformity  of  lens  in  a cataract  from  chronic  glarcoma  X 15.  (Prepaid  by  Dr.  E.  S.  Thomson, 
in  the  laboratory  of  the  Manha^ar  hlye  and  Ear  Hospital.) 


Treatment.  The  treatment  ct  cataract  varies  with  the  variety..  It 

wm  be  convenient,  in  order  to  avoid  repetition,  to  describe  in  a 
seDarate  section  the  operations  to  be  performed  for  cataract. 

Capsular  Opacities.  Anterior  or  posterior  capsular  and  po  a 
cataracts  are,  as  a rule,  so  small  that  they  do  not  seriously  inter- 
fere with  vision,  and  may  be  let  alone.  In  case  they  do,  and  treat 
ment  is  necessary  we  have  no  means  of  attacking  the  capsular  lesion 
Som  buWlitfiiion  of  the  lens  must  be  performed  and  the  case 
subsequently  managed  like  a soft  or  traumatic  cataract.  Indectomy, 
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often  of  value  in  some  forms  of  partial  cataracts,  is  usually  valueless 
in  anterior  and  posterior  polar  cataract. 

Secondary  or  after-cataract  is  to  be  treated  by  operation  if  it  inter- 
feres with  vision  to  any  considerable  extent.  The  treatment  is  by 
the  operation  of  capsulotomy. 

Lenticular  Opacities.  Stationary  (partial)  cataracts  require  dif- 
ferent treatments,  according  to  the  impairment  of  vision  which  they 
cause  and  the  condition  of  the  other  eye. 

Zonular  cataract  is,  as  has  been  said,  the  most  common  variety 
of  lenticular  cataract  seen  in  children.  If  the  opaque  portion  is 
small  in  diameter,  it  will  be  found  that  dilatation  of  the  pupil  will 
so  expose  the  clear  peripheral  portion  of  the  lens  as  to  permit  very 
satisfactory  vision  through  it.  In  such  a case,  while  permanent 
dilatation  of  the  pupil  by  continuous  instillation  of  a mydriatic  may 
be  practised,  it  is  inconvenient  and  not  free  from  the  possibility  of  a 
deleterious  effect  on  the  eye  or  general  health  of  the  patient.  For 
these  reasons  it  is  preferable  to  make  a portion  of  the  clear  periphery 
of  the  lens  available  permanently  for  vision  by  the  performance  of 
an  iridectomy.  This  should  be  done  in  an  upward  direction,  and 
the  coloboma  made  of  moderate  size,  but  extending  to  the  base  of 
the  iris.  The  refraction  should  then  be  carefully  corrected  and 
lenses  given  for  constant  use.  If  both  eyes  are  affected,  both  should 
be  operated  upon.  If  only  one  eye  is  affected  and  the  \.sion  of  the 
other  eye  is  good,  this  operation  should  not  be  perfoimed.  The 
affected  lens  should  be  treated  by  solution  or  not  at  all.  If  the 
cataract  shows  a tendency  to  progress,  the  operation  for  solution 
(discission)  should  be  performed,  as  iridectomy  \nil  afford  only  tem- 
porary relief.  In  the  absence  of  any  contraindication,  the  treatment 
by  solution  should  be  performed  in  all  caees  as  affording  the  best 
visual  result.  We  can  count  on  securing  normal  or  nearly  normal 
vision,  and  can  be  sure  that  the  effect  "is  permanent.  Both  eyes 
should  not  be  operated  on  at  once  as  some  accident  or  intercurrent 
disease  may  cause  the  loss  of  both.  By  operating  on  the  two  eyes 
at  different  times,  we  profit  in  ihe  second  eye  by  the  experience 
gained  in  treating  the  first,  os  to  the  peculiarities  of  the  patient  and 
the  behavior  of  the  eye  as  to  reaction,  etc.  The  same  rule  applies  to 
all  double  cataracts. 

Circumscribed  stationary  lenticular  opacities  should  be  treated  on 
the  same  principles.  If  the  fellow  eye  is  good,  no  operation  is  neces- 
sary on  the  affecicp  one.  If  it  is  defective  or  has  been  removed,  the 
question  of  operation  will  be  determined  by  the  amount  of  visual 
impairment,  the  presence  of  complications,  and  the  help  afforded  by 
correcting  lenses.  The  operation  will  be  that  of  solution  or  extrac- 
tion according  to  the  patient’s  age  and  the  consequent  hardness  of 
the  lens  and  the  size  of  its  nucleus. 

Progressive  lenticular  opacities  should,  if  slight,  be  treated  by 
what  means  we  have  to  retard  the  progress.  Careful  correction  of 
refraction,  including  the  acquired  myopia,  and  measures  to  improve 
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the  general  health,  together  with  the  treatment  of  any  pronounced 
dyscrasia,  such  as  diabetes,  nephritis,  etc.,  will  often  render  excellent 
aid  in  retarding  the  development  of  a cataract.  Correction  of  the 
refraction  lessens  the  choroidal  disturbance  caused  by  eyestrain, 
and  in  this  way  contributes  to  better  nutrition  of  the  lens.  The 
improvement  of  vision  which  lenses  bring  about  is  also  a source  of 
the  greatest  satisfaction  in  some  cases.  There  is  plenty  of  evidence 
to  show  that  these  measures  are  of  undoubted  value,  and  they  should 
be  tried  faithfully.  We  have  spoken  of  the  futility  of  “absorption 
treatments”  and  drugs.  Alteratives  undoubtedly  exercise  a beneficial 
influence  in  some  cases. 

As  in  zonular  cataract,  so  in  progressive  lenticular  cataracts,  dila- 
tation of  the  pupil  by  mydriatics  or  the  performance  of  an  iridectomy 
may  assist  in  obtaining  temporary  improvement  of  vision.  As  a rule, 
these  measures  are  worthy  of  trial  only  when  the  vision  of  the  other 
eye  is  seriously  impaired  or  altogether  absent.  In  behalf  of  iridec- 
tomy, it  may  be  said  that  its  performance  at  some  time  before 
extraction  of  the  lens  renders  the  latter  operation  easier  and  safer. 

In  some  cases  contraction  of  the  pupil  by  myotics  (pilocarpine 
and  eserine)  will  be  found  to  improve  the  vision  when  the  centre  of 
the  lens  is  clear  or  tolerably  clear. 

In  deciding  on  the  use  of  mydriatics  or  myotics,  it  is  best  to  test 
the  patient’s  vision  with  the  eye  under  their  influence  at  his  occu- 
pation or  in  going  around,  to  see  if  his  condition  is  improved,  before 
suggesting  their  use  or  advising  an  iridectomy,  for,  although  they 
may  help  the  patient  to  see  more  letters  on  the  test-card,  they  may 
not  render  his  vision  any  more  useful  in  any  other  way,  a. id  heir 
use  would  be  wholly  unsatisfactory. 

The  utility  of  ripening  operations  for  hastening  the  maturity  of 
lenticular  opacities  is  questionable.  Most  operators  prefcr  to  extract 
an  unripe  lens  rather  than  resort  to  them. 

The  operation  of  removal  of  the  lens  in  progressive  opacities  is, 
as  a rule,  best  deferred  until  maturity.  This  is  not  necessary  in 
soft  cataracts — i.  e.,  in  patients  under  thirty-five  years  of  age,  in 
whom  the  operation  of  solution  is  applicable.  In  senile  cataracts 
it  is  best  to  wait  until  maturity.  The  lens  is  then  removed  by  extrac- 
tion. When  the  patient  has  a mature  cataract  in  one  eye  and  the 
lens  of  the  other  eye  is  clear,  it  >s  well  to  advise  removal  of  the 
cataract  for  the  following  reasons : it  improves  his  field  of  vision  by 
enabling  him  to  see  at  least  'a-ge  objects  on  the  affected  side,  and 
this  prevents  him  from  being  ran  into  or  from  running  into  objects 
and  other  persons.  The  eye  may,  from  accident  to  the  other  or  the 
development  of  cataract  or  other  disease  in  it,  be  at  some  time  his 
main  dependence,  awl  the  vision  will  be  better  if  it  is  allowed  to 
be  exercised  by  removal  of  the  lens  than  if  it  is  excluded  from  the 
visual  act  for  r ears  maybe  by  the  cataract.  Amblyopia  from  disuse 
may  develop  n an  eye  which  is  affected  with  cataract,  particularly 
in  children 
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Complicated  cataracts  are  a law  unto  themselves.  In  general,  if 
the  other  eye  possesses  good  vision,  complicated  cataracts  had  better 
be  let  alone.  If  the  other  eye  does  not  possess  and  cannot  be  made 
to  obtain  useful  vision,  operation  should  be  resorted  to,  even  if  the 
chance  of  success  is  small.  Solution  or  extraction  should  be  per- 
formed, according  to  the  age  of  the  patient. 

The  operative  treatment  of  cataract  comprises  several  operations. 
For  hastening  maturity  in  unripe  cataract,  various  ripening  opera- 
tions have  been  devised.  For  the  removal  of  opaque  lenses,  the 
operation  may  be  that  of  depression,  or  solution,  or  extraction.  For 
the  membranous  opacities  classed  as  secondary  or  after-cataracts, 
the  operation  of  capsulotomy  may  be  done.  For  occlusion  of  the 
pupil  after  the  removal  of  the  lens,  various  operations  on  the  iris, 
such  as  iridectomy,  iridotomy,  etc.,  may  be  required. 

General  Considerations.  See  Chapter  XIV. 

The  operation  of  depression  was  formerly  extensively  practised, 
but  was  abandoned  because  the  eyes  were  subsequently  lost,  either 
from  glaucoma  or  iridochoroiditis,  caused  by  the  lens  acting  as  an 


Fro.  290 


Eye  speculum. 


Fig.  291. 


Fi  .8',iOD  Creeps. 
Fig.  292. 


Hayes’  knife  needle. 


Fig.  293. 


Broad  paracentesis  needle. 


irritating  substance.  The  operation  consists  in  displacing  the  lens 
downward  and  backward  into  the  vitreous.  The  instruments  required 
ar3  a wire  speculum  (Fig.  290),  toothed  fixation  forceps  (Fig  291), 
and  a broad  needle  (Fig.  293).  The  lids  being  separated  by  the 
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speculum,  the  conjunctiva  and  subconjunctival  tissue  are  grasped  with 
the  fixation  forceps  to  steady  the  eye,  and  the  needle  entered  either 
at  the  margin  of  the  cornea  or  in  the  sclera  behind  the  iris.  It  is 
placed  against  the  posterior  surface  of  or  thrust  into  the  lens,  and 


Fig.  294. 


Straight  cataract  needle. 


by  a lever-like  action  forces  it  downward  and  backward.  The  needle 
is  then  carefully  and  quickly  withdrawn.  The  immediate  results,  ol 
this  operation  are  brilliant,  unless  the  lens  rises  to  its  normal  position 
again.  The  ultimate  results  are  usually  loss  of  the  eye  from  subse- 
quent inflammation  or  glaucoma.  The  operation  is  only  justifiable 
in  those  so  feeble  from  age  or  disease  that  they  would  probably  not  do 
well  under  the  operation  of  extraction,  but  to  whom  it  is  desired  to 
give  some  sight  during  their  short  remainder  of  life. 

The  operation  of  solution  or  discission  is  applicable  to  cataracts 
in  young  people.  The  age  limit  is  variously  stated  as  from  fifteen 
to  thirty-five  years.  We  would  prefer  it  on  patients  under  thirty 
years  of  age.  The  operation  consists  in  making  an  opening  in  the 
anterior  capsule  and  lens,  and  submitting  the  latter  to  the  action 
of  the  aqueous  humor.  We  have  seen  that  this  causes  the  lens 
fibres  to  become  opaque,  swell,  and  ultimately  absorbed.  Anterior 
and  posterior  capsular  cataracts  (if  they  require  treatment),  zor  vJar 
cataract,  progressive  juvenile  cataracts,  and. other  opacities  (A  the 
lens  in  young  people,  are  to  be  treated  by  this  operation 

The  pupil  is  first  fully  dilated  with  atropine.  The  lids  being  sepa- 
rated and  the  eyeball  fixed,  as  in  the  preceding  operation,  a small 
needle,  or  a knife  needle  (Fig.  292),  is  thrust  through  the.  cornea  well 
toward  the  periphery,  and  carried  to  the  centre  of  the  ^pillary  space. 
The  point  of  the  needle  is  entered  through  the  centre  of  the  capsule 
into  the  lens,  and  in  withdrawing  it  the  opening  is  slightly  enlarged. 
The  needle  is  quickly  withdrawn  from  the  *oi  nea,  without,  as  a rule, 
losing  the  aqueous  humor.  It  is  well  &t  the  first  operation  to  make 
a very  small  opening,  since  we  do  not  Know  how  the  lens  or  eye 
will  react.  Should  no  irritation  show  itself,  and  the  change  produced 
in  the  lens  be  slight,  a freer  opening  may  be  made  in  a few  days 
and  in  the  same  manner.  A generous  central  T-shaped  or  crucial 
incision  is  a good  form,  and  is  followed  usually  by  rapid  swelling  of 
the  lens,  which  protrudes  through  the  capsular  opening  and  fills  the 
anterior  chamber  with  broken,  swollen,  and  opaque  fibres.  These 
may  be  removed  from  the  eye  by  simple  linear  extraction  ( q . v.). 
Pain  in  the  eye  and  increased  tension  (glaucoma)  necessitate  this 
operation  at  once,  and  it  promptly  relieves  these  symptoms.  If 
this  is  not  done,  the  lens  slowly  absorbs.  This  process  may  be 
hastened  by  breaking  down  the  larger  masses  by  needling  or 
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further  opening  of  the  capsule.  Complete  absorption  requires  from 
two  to  six  months,  and  during  this  time  the  eye  should  be  kept 
constantly  under  the  influence  of  atropine.  A drop  of  a solution  of 
two  to  four  grains  to  the  ounce  is  instilled  into  the  eye  from  one 
to  four  times  a day.  On  account  of  the  time  it  takes  the  lens  to 
absorb,  it  is  advisable  to  remove  some  of  it  by  simple  linear  extrac- 
tion when  possible.  The  absorption  of  the  lens  usually  leaves  an 
after-  or  secondary  cataract,  which  requires  operation.  After  this 
the  eye  requires  a high  strong  convex  lens  to  enable  it  to  see.  When 
the  lens  has  been  partially  absorbed  as  the  result  of  discission,  a 
method  to  hasten  the  attainment  of  vision  has  been  proposed  by 
Dr.  G.  C.  Savage,  and  is  as  follows:  A needle  is  introduced  into  the 
eye  and  the  centre  of  the  lens  cleared  by  pushing  the  fragments  toward 
the  periphery.  In  this  way  a clear  pupil  may  be  obtained  some 
weeks  before  it  would  be  available  by  the  process  of  absorption. 

Operations  of  discission,  and  capsular  operations  may  be  considered 
“ office  operations,”  and  can  be  done  on  a couch  or  with  the  patient 
sitting  in  a chair  and  resting  his  head  against  the  body  of  the  surgeon, 
who  stands  behind  him.  Subsequent  rest  is  desirable,  but  subse- 
quent immobility  is  not  essential. 

Ripening  Operations.  These  consist  in  procedures  whose  essential 
part  is  the  application  of  massage  to  the  lens  for  the  purpose  of  so 
disturbing  the  superficial  portions  that  opacification  of  the  outer 
cortical  portion  is  hastened.  Their  main  influence  is  exerted  on  the 
peripheral  layers  of  the  cortex  anteriorly. 


Fig.  295. 


Iris  forceps. 


Fig.  296. 


ra;«u.e  forceps. 
Fig.  297. 


McClure’s  iris  scissors. 


Instrursntts.  Speculum  (Fig.  290),  fixation  forceps  (Fig.  291), 
keratome  or  paracentesis  needle  (Fig.  293),  blunt  probe  or  trowel- 
shaped  spatula,  iris  forceps  (Fig.  295),  and  iris  scissors  (Fig.  297). 
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An  iridectomy  or  simple  paracentesis  corneae  is  done,  and  mas- 
sage applied  to  the  lens,  either  directly  by  the  probe  or  spatula 
introduced  into  the  anterior  chamber,  or  the  lens  is  massaged  through 
the  cornea.  The  movements  are  rotary  and  very  gentle.  Discission 


Fi<i.  293. 


Graefe  knife. 
Fig.  299. 


is  also  sometimes  used  for  the  purpose  of  ripening  cataracts.  The 
present  view  of  the  method  may  be  well  expressed  in  Knapp’s  words : 
“All  these  procedures  have  the  disadvantage  of  being,  in  a number 
of  cases,  either  totally  or  partially  inefficient,  besides  adding  to  the 
removal  of  the  cataract  another  surgical  procedure  which  has  not 
always  proved  harmless.” 

Most  operators  prefer  to  extract  immature  cataracts  rather  than 
resort  to  any  method  of  artificial  ripening. 

Extraction  of  cataract  is  the  term  applied  to  operations  whereby 
the  lens  or  the  greater  portion  of  it  is  removed  at  one  sitting.  The 
different  procedures  may  be  grouped  under  the  heads  uf  (1)  simple 
linear  extraction,  and  (2)  extraction  of  hard  cataract. 

Simple  linear  extraction  is  applicable  to  soft  cataracts — i.  e.,  in 
persons  under  the  age  of  thirty  years — and  to  traumatic  cataracts. 
It  is  performed  as  follows: 

The  pupil  is  dilated  with  atropine,  loca1  anaesthesia  induced,  the 
lids  separated  by  a speculum,  and  the  e}re  grasped  with  fixation 
forceps,  as  already  described.  A narrow  Keratome  or  broad  needle 
is  entered  through  the  cornea  just  within  its  clear  margin,  and  usually 
at  the  point  nearest  the  externa1  can  thus.  By  pushing  the  instru- 
ment forward,  and,  if  necessarv,  oy  a lateral  movement  in  with- 
drawing it,  an  incision  abort  C mm.  long  is  made.  The  instrument 
should  be  withdrawn  very  slowly  to  permit  gradual  emptying  of  the 
anterior  chamber,  as  rapid  evacuation  of  the  aqueous,  especially 
if  the  tension  of  the  eyeball  is  increased,  may  be  accompanied  by 
sensations  which  cau^e  tne  patient  to  become  alarmed  and  move. 
If  the  operation  is  undertaken  as  the  primary  operation  on  a soft 
cataract,  the  capsule  may  be  incised  by  the  same  instrument  which 
makes  the  corneal  incision,  by  directing  its  point  backward,  or  this 
may  be  done  with  a cystotome  (Fig.  300)  after  withdrawing  the 
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first  instrument.  Frequently  the  operation  is  done  on  traumatic 
cataracts,  or  on  soft  cataracts  already  discissioned.  In  either  of  these 
events  the  anterior  chamber  will  contain  lens  matter.  This  is  re- 
moved by  opening  the  corneal  incision  by  pressure  on  its  posterior 
lip  with  a delicate  spatula  or  spoon  (Fig.  304),  and  the  escape  of 
the  lens  matter  further  facilitated  by  gentle  counter-pressure  and 
stroking  at  the  point  opposite  the  incision.  This  manoeuvre  is  con- 
tinued until  the  lens  matter  is  evacuated  as  thoroughly  as  possible. 
The  eye  is  then  bathed  with  an  antiseptic  solution,  atropine  instilled, 
and  a monocular  dressing  applied.  It  is  rarely  necessary  to  combine 
an  iridectomy  with  this  method.  A modification  of  simple  linear 
extraction  consists  in  extraction  of  the  lens,  when  sufficiently  fluid, 
by  suction.  A curette  with  a hollow  handle  and  partially  covered 
bowl  is  introduced  into  the  eye,  and,  by  means  of  a rubber  tube 
attached  to  the  end  of  the  handle,  the  operator  draws  the  lens 
matter  out  by  suction  with  his  mouth.  The  same  result  is  attained 
by  means  of  a piston  syringe,  but  this  method  is  not  much  prac- 
tised. Another  modification  consists  in  irrigating  the  anterior  cham- 
ber, as  will  be  described  in  treating  of  the  extraction  of  hard  cataract. 

It  occasionally  happens  that  a patient  over  thirty  years  of  age 
desires  operation  on  a cataract  which  is  either  congenital  or  aopeared 
during  childhood.  It  should  be  treated  as  if  it  had  developed  but 
recently;  that  is,  by  extraction,  as  if  it  were  a hard  cataract,  which 
it  will  have  by  this  time  become,  if  not  manifestly  hypermature. 

Extraction  of  hard  cataract  may  be  performed  in  one  of  three 
principal  ways:  1.  After  a preliminary  iridectomy.  2.  Combined 
with  an  iridectomy  done  as  a step  of  the  operation.  3.  Without 
iridectomy  (simple  extraction). 

1.  Extraction  after  Preliminary  iRiLEcroMY.  This  is  probably 
the  safest  of  all  methods  of  extracting  a hard  cataract,  but  has  the  dis- 
advantage of  subjecting  the  patient  to  fhe  danger  and  inconvenience 
of  two  operations  involving  opening  of  the  eyeball.  With  much  to  be 
said  in  its  favor  on  the  score  of  safety,  it  is  practised  comparatively 
seldom..  The  iridectomy  is  *o  be  done  as  described  in  Chapter  VII., 
about  six  weeks  before  the  extraction  of  the  lens,  which  should  not 
be  undertaken  until  all  signs  of  irritation  following  the  first  operation 
have  disappeared.  The  technique  of  the  extraction  will  be  the  same 
as  to  be  presently  described. 

2.  Extraction  with  iridectomy  is  the  best  operation  for  those  of 
limited  experience  with  the  cataract  operation.  Its  difficulties  and 
dangers  are  fewer  than  those  of  the  simple  method  and  are  easier 
to  avoid.  It  is  usually  performed  as  follows: 

Instruments.  A Graefe  knife  (Fig.  298)  (it  is  well  to  have  two 
at  hanrij,  a stop  speculum  (Fig.  290),  lid  elevator,  fixation  forceps 
(Fig.  291),  iris  forceps  (Fig.  295),  iris  scissors  (Fig.  297),  a blunt 
knit  3 (Fig.  307)  or  scissors  for  enlarging  the  corneal  wound,  cysto- 
tome  (Fig.  300),  silver  spatula  (Fig.  304),  spoon  (Fig.  302),  wire  loop 
(Fig.  303),  and  blunt  hook  (Fig.  301).  The  lids  may  be  separated 
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with  a speculum  or  by  a lid  elevator  under  the  upper  lid,  held  by 
an  assistant,  who  draws  down  the  lower  lid  with  the  finger  of  the 

Fro.  300. 


Graefe’s  cystotome. 


Fig.  301 


Tyrell’s  blunt  hook. 
Fig.  302. 


Daviel’s  lens  scoop. 
Fig  303. 


Levis’  wire  loop. 
Fig.  304. 


Spatula,  shell  or  silver. 
Fig.  305. 


The  incision  in  cataract  extraction.  Juncture  and  counter-puncture  have  been  made.  The  sec- 
tion will  pass  in  its  whole  extent  exactly  through  the  transparent  margin  of  the  cornea,  the  knife 
remaining  in  the  same  plane  t^roJ ^’hout.  (Slightly  modified  from  de  Schweinitz,  Diseases  of  the 
Eye,  third  edition.) 
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other  hand.  As  it  is  often  necessary  to  operate  without  skilled 
assistance,  or  without  an  assistant  to  whom  the  operator  is  accus- 
tomed, it  is  desirable  to  get  in  the  habit  of  operating  without  an 
assistant.  It  is  preferable  to  have  no  assistant  rather  than  a poor 
one.  The  operator  stands  behind  the  patient,  holding  the  cataract 
knife  in  the  right  hand  and  fixation  forceps  in  the  left  for  the  right 
eye,  and  vice  versa  for  the  left.  The  eye  is  grasped  below  the  cornea 
with  fixation  forceps,  and  if  a lid  elevator  is  used,  these  forceps  may 
now  serve  to  hold  the  lower  lid  out  of  the  way.  The  incision  is  to 
be  made  in  an  upward  direction.  The  eyeball  is  rotated  downward 
and  the  point  of  the  cataract  knife  entered  just  within  the  clear 
margin  of  the  cornea,  and  at  a point  which  is  the  temporal  extremity 
of  a line  parallel  to  a tangent  to  the  corneal  summit  , and  dividing 
the  cornea  into  two  portions,  the  upper  portion  of  which  is  one-third 
of  the  cornea.  The  knife  enters  the  cornea  at  right  angles  to  its 
surface,  and  as  soon  as  the  point  is  seen  to  have  penetrated  the 
cornea  the  handle  is  depressed  until  the  point  of  the  knife  is  directed 
straight  across  the  anterior  chamber  from  the  site  of  the  puncture, 
and  the  surface  of  the  blade  lies  parallel  to  the  surface  of  the  iris. 
The  knife  is  pushed  forward,  emerging  from  the  cornea  at  a point 
(counter-puncture)  diametrically  opposite  the  puncture.  (Fig.  306.) 
Up  to  this  time  the  aqueous  humor  is  preserved,  and  the  point  of 
the  knife  seen  through  it  lies  farther  backward  than  it  seems.  The 
handle  of  the  knife  should  be  carried  well  backward  toward  the 
external  canthus,  or  the  points  of  puncture  and  counter-puncture 
will  not  correspond,  and  an  irregular  wound  will  be  made.  As  soon 
as  the  point  emerges  from  the  eye  the  blade  is  pushed  firmly  inward 
and  upward  to  its  full  length,  and  then  drawn  back,  still  pressing  it 
upward.  These  two  cuts  will  sometimes  sever  the  cornea  throughout 
its  extent,  but  frequently  a bridge  remains  requiring  further  to-and-fro 
movements  of  the  knife  to  divide  it.  The  knife  should  be  held  with 
its  blade  parallel  to  the  plane  of  the  iris  throughout,  and  if  this  is 
done  a smooth  corneal  incision  results,  with  a small  conjunctival  flap 
at  the  apex  of  the  corneal  flap.  The  knife  is  now  laid  aside,  and 
the  fixation  forceps  turned  over  to  an  assistant  or  dispensed  with  if 
the  patient  is  docile.  The  surgeon  \,akes  the  iris  forceps  in  his  left 
hand  between  the  thumb  and  index  finger,  and  the  iris  scissors  in 
the  right  hand.  The  close  t iris  forceps  are  gently  insinuated  into 
the  wound,  passed  to  the  pupillary  border  of  the  iris  opposite  the 
centre  of  the  wound,  opened  slightly,  and  made  to  grasp  the  iris 
at  the  pupillary  border.  They  are  then  withdrawn,  bringing  with 
them  a fold  of  the  iris,  which  is  drawn  out  of  the  wound  as  far  as 
possible  and  cut  oft  smooth  with  the  cornea  by  means  of  the  scissors. 
The  fixation  forceps  may  or  may  not  now  be  reapplied.  The  cysto- 
tome  is  then  introduced  flatwise,  carried  to  the  centre  of  the  pupillary 
space  and  turned,  so  that  its  point  is  directed  toward  the  capsule. 
This  is  then  freely  cut,  not  torn,  in  such  a manner  as  to  give  a suf- 
ficien t opening  for  the  lens  to  escape.  Some  operators  make  extensive 
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irregular  incisions,  others  make  incisions  in  the  shape  of  a cross,  the 
letter  A,  an  inverted  A,  or  like  the  Greek  letter  Knapp  makes 
a capsular  incision  parallel  to  the  corneal  incision  (peripheral  cap- 
sulotomy).  The  cystotome  is  turned  and  withdrawn  carefully  flat- 
wise, and  the  surgeon  takes  the  spoon  in  one  hand  and  the  wire 
loop  in  the  other.  The  speculum  or  elevator  may  be  removed  at 
this  time.  Gentle  pressure  is  made  with  one  of  these  instruments 
just  below  the  edge  of  the  cornea,  the  pressure  being  first  backward 
and  then  upward.  The  lens  tilts  and  presents  its  edge  in  the  corneal 
wound,  which  gapes  from  the  pressure  below.  If  it  does  not,  it  is 
made  to  do  so  by  pressure  on  its  upper  lip  with  the  instrument  held 
in  the  other  hand.  By  continuing  the  upward  pressure  the  lens  is 
slowly  delivered  from  the  eye  (Fig.  308)  and  caught  with  one  of  the 
instruments  held  by  the  operator,  and  removed  from  the  eye.  If 
the  speculum  or  elevator  has  not  already  been  removed,  it  should 
be  removed  now,  and  the  patient  allowed  to  rest,  with  the  assurance 


Fig.  309. 


Fig.  308. 


Fig.  308— Delivery  of  the  lens.  The  lens  is  presenting 
in  the  wound  (capsulotomy  has  been  performed).  (De 


that  the  operation  is  over.  In  a few  minutes  he  is  told  to  open  the 
eye,  and  the  “toilet  of  the  wound"  is  made.  If  any  portions  of  the 
lens  remain  in  the  eye,  they  are  coaxed  toward  the  corneal  wound 
by  stroking  the  cornea  with  the  back  of  the  spoon,  and  delivered  as 
the  lens  was  by  pressure  on  +,ne  cornea.  It  is  best  not  to  introduce 
any  instrument  into  the  anterior  chamber  to  facilitate  removal 
of  this  debris.  A slender  spatula  is  introduced,  however,  to  ensure 
cleanliness  of  the  wound,  and  to  replace  by  gentle  stroking  the  edges 
of  the  coloboma  i f the  iris.  All  the  clotted  blood  and  other  material 
is  removed  from  the  conjunctiva  by  moist  pledgets  of  sterilized  gauze 
or  by  the  iris  forceps,  the  small  conjunctival  flap  smoothed  out,  a 
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drop  of  atropine  instilled,  and  the  dressings  applied.  These  consist 
of  squares  of  sterilized  gauze  two  inches  square  and  two  layers  thick, 
wet  with  1 : 5000  mercuric  chloride,  then  a small  pad  of  sterilized 
absorbent  cotton,  both  eyes  being  so  covered,  and  the  whole  held  in 
place  by  strips  of  isinglass  or  adhesive  plaster  applied  as  follows: 
The  first  strip  passes  over  both  dressings  from  temple  to  temple. 
A second  strip  passes  from  the  cheek  of  the  operated  side  upward 
and  inward  across  the  pad  over  the  operated  eye  to  the  forehead 
over  the  sound  eye.  A third  passes  from  the  cheek  of  the  sound  side 
across  the  pad  over  that  eye  to  the  forehead  over  the  operated  eye. 
(Fig.  309.)  Over  this  is  placed  a mask  made  of  some  light  stiff  mate- 
rial, to  protect  the  eye  from  accidental  injury.  The  hands  of  the 
patient  may  be  fastened  by  a strip  of  bandage  tied  to  each  wrist  and 
to  the  post  at  the  foot  of  the  bed  on  the  same  side,  these  strips  being 
just  short  enough  to  prevent  the  patient  touching  the  eyes  with  the 
hand. 

The  writer  prefers  the  above  dressing  to  the  roller-bandage,  because 
it  is  easier  to  apply,  does  not  necessitate  raising  the  patient’s  head, 
and  is  cool,  clean,  and  comfortable.  It  makes  sufficient  pressure,  and 
this  cannot  be  increased  by  turning  the  head.  The  strings  to  the 
mask  can  be  easily  insinuated  under  the  patient’s  head  without 
moving  the  head,  and  should  be  of  unequal  length,  so  that  the 
knots  will  be  on  the  side  of  the  face  next  to  the  operated  eye. 
In  this  position  the  patient  will  not  lie  on  them,  and  they  are 
accessible. 

3.  Extraction  without  iridectomy,  or  simple  extraction,  is  the 
operation  of  selection  by  many  surgeons  of  large  experience.  It 
leaves  the  eye  more  natural  looking — indeed,  in  some  eases  it  cannot 
be  told  that  an  operation  has  been  done  on  the  eye.  But  it  has  never 
been  shown  that  the  visual  results  are  better  than  by  the  combined 
method,  while  its  performance  requires  more  operative  dexterity, 
and  convalescence  is  apt  to  be  interrupted  by  certain  complications 
which  do  not  obtain  in  the  combined  operation. 

The  same  instruments  are  required  as  for  the  combined  operation. 
The  operation  is  performed  in  the  same  way  up  to  the  stage  of  making 
the  iridectomy,  except  that  it  ib  important  that  the  incision  lies 
within  the  clear  cornea.  The  eystotome  is  introduced  immediately 
after  the  incision  is  complete!,  and  the  capsule  cut  as  already  de- 
scribed. The  speculum  may  or  may  not  be  removed  at  this  time, 
and  the  lens  delivered  as  already  described.  Particles  of  lens  matter 
are  coaxed  into  the  pupil  and  thence  out  through  the  wound,  as  in 
the  other  operation.  The  iris  is  then  carefully  replaced  by  stroking 
with  a spatula.  If  it  refuses  to  stay  in  position,  but  prolapses  in 
spite  of  being  reduced,  a portion  of  it  should  be  excised  (iridectomy). 
The  iris  may  be  so  bruised  or  torn  by  delivery  of  the  lens  that  it 
is  best  to  excise  the  bruised  part.  Otherwise,  eserine  (£  gr.  to  1 oz.) 
may  be  instilled  to  keep  the  iris  drawn  inward  from  the  wound, 
and  the  dressing  applied. 
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Modifications  of  the  Operation.  The  original  cataract  extraction 
was  what  is  known  as  the  flap  operation,  the  incision  comprising 
one-half  of  the  corneal  circumference.  The  length  of  this  has  been 
variously  modified,  so  as  to  include  any  portion  from  one-fourth  to 
one-half  of  the  cornea.  A 3 mm.  flap  or  “ short  flap,”  as  it  is  called, 
is  popular.  A very  important  modification  was  Graefe’s  peripheral 
linear  incision.  The  knife  was  entered  at  a point  1 mm.  from  the 
corneal  margin  and  2 mm.  below  a tangent  to  its  summit,  and  brought 
out  at  a similar  point  on  the  other. side.  The  incision  was  about 
10  mm.  long,  and  but  slightly  curved.  Iridectomy  was  always  done. 
The  operation  is  not  popular,  because  the  conjunctiva  is  cut  freely 
and  bleeds  to  an  annoying  degree,  and  the  position  of  the  wound 
favors  loss  of  vitreous  and  cyclitis.  Mention  may  be  made  of  the 
downward  incision,  and  of  one  lying  in  the  cornea  and  near  its 
centre.  These  are  rarely  used. 

Instead  of  delivering  the  lens  by  pressure  below  with  a spoon,  the 
speculum  may  be  removed  and  the  pressure  made  with  the  lowrer  lid. 

The  anterior  chamber  may  be  irrigated  to  remove  fragments  of  the 
lens  cortex  which  remain  behind.  This  is  done  by  specially  con- 
structed syringes  having  curved  and  flattened  points  made  of  gold. 
The  best  fluid  is  a 0.6  per  cent,  saline  solution,  winch  should  be  warm 
and,  of  course,  sterile.  Boric  acid  may  be  used,  but  stronger  solutions 
will  damage  the  cornea.  This  method  is  not  much  in  vogue,  as  it 
is  somewfliat  troublesome  and  not  specially  advantageous.  A com- 
promise between  the  simple  and  combined  methods  has  been  effected 
by  some  operators,  as  follows:  instead  of  grasping  the  iris  at  hs 
pupillary  border  with  the  iris  forceps,  withdrawing  it,  and  making 
an  iridectomy,  a small  fold  of  iris  is  picked  up  midway  between  the 
root  of  that  membrane  and  its  pupillary  border,  drawn  to  the  wound, 
and  cut  off,  so  as  to  leave  a small  hole  in  the  iris.  Thi&  operation 
leaves  a round  pupil,  and  by  affording  a passage  for  the  aqueous 
humor  from  the  posterior  to  the  anterior  chamber  r.car  the  corneal 
wound,  is  thought  to  be  less  likely  to  be  followed  by  prolapse  of  the 
iris.  In  certain  cases  where  prolapse  of  the  vitreous  is  especially 
apt  to  occur,  or  as  an  extraordinary  precaution  against  prolapse  of 
the  iris  after  the  simple  operation,  Kad  has  proposed  the  corneal 
stitch.  It  is  of  fine  silk,  and  is  inserted  before  making  the  corneal 
incision  in  the  same  manner  as  the  Lembert  intestinal  suture  is  in- 
serted. A fine  rounded  needle  is  ^eed,  and  the  central  loop  is  left 
very  long,  so  that  it  can  be  drawn  out  of  the  way  of  the  instruments 
used  during  the  operation.  After  the  completion  of  the  operation 
the  ends  of  the  suture  are  drawn  taut  and  tied.  A portion  of  the 
anterior  capsule  may  be  icmoved  by  specially  devised  forceps,  or  by 
iris  forceps.  This  is  desirable  if  the  capsule  is  thickened.  An  attempt 
should  be  made  to  mrke  a more  or  less  circular  cut  with  the  cystotome 
if  this  procedure  xS  contemplated. 

Some  operators  omit  the  capsulotomy,  and  attempt  to  rupture  the 
zonule  of  Zinn  and  remove  the  lens  in  its  capsule.  This  is  done  by 
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pressure  with  the  spoon  at  the  margin  of  the  cornea.  It  renders  loss 
of  vitreous  more  probable,  but  when  successful  leaves  a perfectly 
clear  pupil.  It  is  not  much  in  vogue. 

Choice  of  Operation.  The  safest  method  is  that  of  preliminary 
iridectomy,  followed  by  removal  of  the  lens  after  some  weeks.  The 
patient  is  subjected  to  the  danger  of  two  operations,  but  the  operator 
will  have  gained  the  patient’s  confidence  and  some  knowledge  of  his 
behavior  and  that  of  the  eye.  It  should  certainly  be  done  if  the  other 
eye  has  been  operated  on  unsuccessfully. 

The  choice  between  the  two  principal  methods,  wTith  and  without 
iridectomy,  is  a matter  on  which  opinions  differ.  The  occasional 
operator  had  better  use  the  former  method,  since  it  is,  on  the  whole, 
easier  to  perform,  and  the  visual  results  are  quite  as  good  as  by  the 
simple  method.  It  is  well,  at  any  rate,  to  make  the  corneal  incision 
as  above  described,  and  do  the  iridectomy  if  delivery  of  the  lens  is 
not  easy,  or  if  the  iris  tends  to  prolapse.  When  the  iris  is  rigid  or 
in  the  least  discolored,  or  if  the  patient  is  restless,  or  if  the  incision 
has  been  placed  other  than  within  the  clear  cornea,  it  is  better  to  do 
the  iridectomy  at  once,  as  the  iris  is  likely  to  prolapse  and  necessi- 
tate its  performance  later,  and  prolong  the  healing. 

An  operator  who  is  not  ambidextrous  should  take  his  position  in 
front  and  at  the  left  side  of  the  patient  in  operating  on  the  left  eye, 
and,  inserting  the  knife  with  the  right  hand,  cut  upward— u e.,  away 
from  himself.  To  avoid  the  necessity  of  assuming  this  position, 
angular  knives  (Fig.  299)  have  been  devised,  by  which  the  incision 
is  made  by  entering  the  cornea  to  its  nasal  side.  They  are  seldom 
used. 

Accidents  during  the  Operation.  The  knife  may  be  inserted  upside 
down.  It  should  be  turned  in  the  wound  and  the  operation  proceeded 
with,  or  the  knife  may  be  withdrawn  and  the  operation  postponed. 
As  the  aqueous  is  lost  by  withdrawing  the  knife  and  the  iris  and 
the  cornea  lie  in  contact,  the  knife  cannot  oe  reinserted. 

The  iris  may  fall  over  the  edge  of  the  knife.  By  raising  the  knife 
it  may  be  disengaged;  but  if  not,  the  incision  should  be  completed, 
the  fold  of  the  iris  being  cut  through.  Then  with  the  iris  forceps, 
the  cut  portion  of  the  iris  is  drawn  out  and  the  wound  made  as  nearly 
an  ordinary  iridectomy  as  possible. 

Loss  of  some  of  the  vitieoi.s  humor  is  a common  accident.  It  is 
rendered  less  apt  to  occur  by  removal  of  the  speculum  at  the  com- 
pletion of  the  capsulotomy.  If  this  is  not  done  and  a bead  of  vitreous 
presents  in  the  wound  at  any  stage  of  the  operation,  the  speculum 
should  at  once  bt  1 amoved  and  the  patient  allowed  to  rest  a moment. 
If  the  lens  has  not  been  extracted,  the  attempt  to  deliver  it  by  press- 
ure in  the  usual  way  would  probably  result  in  loss  of  the  vitreous. 
Therefore,  nc  pressure  should  be  made  on  the  ball,  but  the  lens  should 
be  removed  by  the  wire  loop  gently  passed  through  the  wound  and 
under  the  lens.  Loss  of  vitreous  usually  occurs  after  delivery  of  the 
lens.  F luidity  of  the  vitreous  or  a sudden,  voluntary  squeezing  of 


DISEASES  OF  THE  CRYSTALLINE  LENS. 


517 


the  muscles  around  the  eye,  or  an  involuntary  contraction  of  the 
recti  muscles,  may  cause  the  loss  of  a considerable  amount  of  vitreous. 
If  this  is  not  sufficient  to  cause  collapse  of  the  globe,  it  is  usually 
not  a serious  matter  and  requires  no  treatment;  but  if  the  eyeball 
collapses,  warm  sterilized  salt  solution  (0.6  per  cent.)  should  be 
injected  into  the  eye  by  a pipette  introduced  through  the  corneal 
wound,  until  the  ball  resumes  its  rotundity.  This  will  generally  pre- 
vent any  permanent  ill  effect  from  the  accident.  If  the  wound  is 
too  small  to  allow  the  easy  passage  of  the  lens,  it  should  be  enlarged. 
This  can  be  done  by  a blunt-pointed  knife  (Fig.  307)  or  fine  blunt- 
pointed  scissors,  such  as  Stevens'  tenotomy  scissors.  Under  no  cir- 
cumstances should  the  lens  be  forced  through  a wound  which  is 
evidently  too  small. 

The  lens  may  be  dislocated.  This  is  usually  done  in  the  attempt 
at  capsulotomy  when  the  capsule  is  thick  or  tough  and  the  suspen- 
sory ligament  frail.  The  dislocation  is  generally  backward.  The 
lens  should  be  caught  by  the  wire  loop  passed  through  the  wound, 
and  gently  drawn  from  the  eye. 

Hemorrhage  into  the  eye  may  occur  from  the  cut  iris  or  from  the 
rupture  of  a choroidal  vessel  due  to  lack  of  support  to  these 
tissues  which  opening  of  the  eyeball  entails.  The  former  is  usually 
a trivial  matter,  the  hemorrhage  ceasing  spontaneously  or  being  made 
to  cease  by  compresses  wet  with  hot 
antiseptic  solutions  being  applied  to 
the  closed  lids.  Blood  left  in  the  an- 
terior chamber  at  the  termination  of 
the  operation  may  be  expected  to  ab- 
sorb in  twenty-four  to  forty-eight  hours. 

Hemorrhage  from  the  choroid  is  fatal 
to  the  eye.  The  patient  at  any  time 
after  the  completion  of  the  corneal  in- 
cision, or  even  several  hours  after  the 
operation  is  finished,  complains  of 
severe  aching  pain  in  the  eye,  and 
there  occurs  gaping  of  the  wound, 
then  loss  of  vitreous,  and  a free  flow 
of  blood  filling  the  ball  and  pouring 
from  the  wound.  A compress  and 
bandage  should  be  applied,  a hvpoder- 
mic  of  morphine  given,  and  tht  patient 
made  to  sit  up.  The  bleeding  will  cease 
in  from  a few  minutes  to  a tew  hours, 
but  the  eye  is  alwavs  ^retrievably  lost,  and  subsequently  shrinks. 
(Fig.  310.)  The  pain  may  continue  to  such  a degree  as  to  justify 
enucleation.  The  accident  is  rare. 

Sometimes  after  the  cataract  operation  the  patient  will  develop  a 
maniacal  condition,  probably  due  to  the  combined  mental  effect  of 
nervousness  from  operation,  exclusion  of  light,  and  the  lack  of  any- 
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Specimen  of  choroidal  hemorrhage 
fo*  .owing  cataract  extraction.  The  globe 
is  filled  with  blood,  and  the  retina  and 
vitreous  have  been  expelled.  The  dark 
line  is  the  choroid,  which  has  been 
everywhere  torn  loose  (life  size).  (Pre- 
pared by  Dr.  E.  S.  Thomson,  in  the  labo- 
ratory of  the  Manhattan  Eye  and  Ear 
Hospital.) 
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thing  to  occupy  his  attention.  It  is  treated  by  sedatives,  allowing 
him  to  use  the  unoperated  eye,  and  by  having  someone  remain  by 
his  bed  to  talk  to  him  and  otherwise  “ keep  him  company.”  Patients 
accustomed  to  the  free  use  of  alcohol  frequently  develop  delirium 
tremens  after  this  operation,  as  after  other  surgical  operations. 

The  After-treatment  of  Cataract  Extraction.  In  a case  which  runs  a 
normal  course  the  first  thing  to  be  observed  is  closure  of  the  wound 
and  reformation  of  the  anterior  chamber.  As  long  as  patency  of 
the  wound  permits  the  aqueous  to  flow  away  the  anterior  chamber 
is  empty  and  the  iris  rests  against  the  cornea.  Closure  of  the  wound 
is  shown  by  accumulation  of  aqueous  forcing  the  iris  back  to  its 
normal  position.  Until  this  happens  we  must  feel  some  apprehension 
of  possible  infection,  and,  in  the  simple  operation,  of  prolapse  of  the 
iris.  Closure  of  the  wound  usually  occurs  within  twenty-four  to 
thirty-six  hours.  Atropine  may  be  used  immediately  after  the  opera- 
tion in  cases  where  iridectomy  is  done;  but  after  the  simple  operation 
should  not  be  used  until  the  wound  has  closed,  for  fear  of  inducing 
prolapse  of  the  iris.  The  eye  should  be  dressed  daily,  and  the  con- 
dition of  the  lids  observed  for  swelling  or  other  indications  of  inflam- 
mation. The  lids  should  be  separated  and  the  ball  inspected,  too,  and 
in  cases  done  without  iridectomy  the  wound  should  be  looked  at  to 
see  if  prolapse  of  the  iris  has  occurred.  As  soon  as  the  wound  closes 
the  patient  may  be  allowed  to  sit  up  and  the  sound  eye  leU  uncovered. 
After  forty-eight  hours  more  the  dressings  may  be  left  off  and  dark 
glasses  or  a shade  substituted.  Confinement  to  the  room  is  necessary 
for  at  least  a week,  and  atropine  should  be  kept  ip,  usually  three 
times  a day,  until  the  eye  is  entirely  free  from  redness.  The  eyes 
should  not  be  used  for  reading  or  other  near  work  before  this  time. 

The  immediate  or  early  use  of  atropine  alter  cataract  extraction 
is  justified  by  the  frequency  with  which  the  operation  is  followed  by 
at  least  a mild  degree  of  iritis.  We  aim  to  secure  dilatation  of  the 
pupil  before  this  occurs,  which  is  generally  about  the  second  or  third 
day,  or  later.  We  observe  injection  of  the  ball,  especially  in  the 
pericorneal  zone,  slight  pam  and  tenderness,  photophobia,  and  a 
tendency  for  the  iris  to  adhere  to  portions  of  the  capsule  and  any 
remaining  fragments  of  lens.  In  favorable  cases  these  symptoms 
disappear  in  about  two  weeks. 

Patients  complain  bitterly  of  pain  in  the  back  when  confined  to 
the  bed  in  the  prone  position  for  twelve  hours  or  longer.  This  may 
be  relieved  by  slipping  a small  pillow  under  the  small  of  the  back, 
or  by  turning  the  patient  gently  on  the  side  away  from  the  operated 
eye.  Until  iht  wound  closes,  only  food  which  does  not  require  chewing 
should  be  allowed,  and  the  patient  should  be  made  to  use  the  bed- 
pan  and  urinal  if  possible  rather  than  rise  or  sit  up.  The  open  method 
of  treatment,  or  that  of  placing  no  dressing  at  all  on  the  eye,  proposed 
by  Tijort,  has  not  found  followers. 

Anomalies  of  Healing.  Delayed  closure  of  the  wound  may  result 
from  entanglement  of  a tag  of  capsule  or  other  foreign  matter  in  the 
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wound.  If  not  closed  in  thirty-six  hours,  careful  search  should  be 
made  for  such  cause,  and  the  particle  removed  with  forceps.  Fre- 
quently the  wound  heals  slowly  from  a poor  state  of  nutrition  or 
from  no  apparent  cause.  Conjunctivitis  with  discharge  may  arise 
from  the  action  of  the  occluding  bandage.  The  dressings  should  be 
lightened  or  left  off  entirely,  and  the  eye  frequently  irrigated  with 
a boric  acid  solution.  If  the  discharge  does  not  cease,  the  lids  should 
be  everted  and  a solution  of  nitrate  of  silver  (4  gr.  to  1 oz.)  applied 
to  the  conjunctiva.  Even  if  the  wound  is  open,  this  should  be  done, 
as  the  risk  is  less  than  that  of  allowing  the  discharge  to  continue. 
If  the  wound  has  closed,  the  danger  of  infection  is  lessened.  Iritis 
occurs  very  frequently.  It  usually  yields  to  atropine,  but  if  severe 
may  require  rest  in  bed,  the  addition  of  cocaine,  leeching,  ice  com- 
presses, and  antiphlogistic  doses  of  mercury.  Ice  acts  far  better  in 
these  cases,  which  are  traumatic,  than  heat. 

Iridocyclitis  and  iridochoroiditis  are  to  be  treated  in  the  same  way. 
They  are  much  more  serious  than  simple  iritis,  and  may  result  in 
destruction  of  the  eye  by  subsequent  atrophy.  In  common  with 
iritis,  they  tend  to  form  exudations  in  the  pupillary  space,  the  mem- 
branous secondary  cataract  resulting  being  very  tough  and  dense. 
In  iridochoroiditis  in  particular  we  notice  chemosis  of  the  conjunctiva, 
and  in  all  the  inflammatory  states  which  may  follow  the  cataract 
operations  the  lids  swell,  especially  at  the  inner  canthus.  In  the 
absence  of  this  sign  and  discharge  we  may  feel  reasonably  sure  of 
the  absence  of  undue  reaction. 

Prolapse  of  the  iris  is  the  most  common  complication  of  the  simple 
operation,  and  constitutes  the  greatest  objection  to  it.  It  occurs  in 
from  3 to  10  per  cent,  of  cases.  Its  occurrence  is  often  announced 
by  a sharp  pain,  but  as  often  by  no  unusual  sensation.  Tf  discov- 
ered before  inflammatory  action  has  sealed  it  firmly  to  the  cornea, 
the  prolapse  should  be  excised  and  the  margins  of  the  coloboma 
dressed  back  into  the  eye.  It  is  hardly  wise  to  replace  the  prolapse 
and  try  to  hold  it  in  place  by  eserine,  though  this  is  sometimes  done. 
If  the  prolapsed  portion  is  firmly  sealed  in  the  wound  by  inflam- 
mation, it  may  be  incised,  touched  with  the  actual  cautery,  or  left 
alone.  It  will  eventually  shrink  and  flatte  i,  so  as  to  leave  no  trace 
but  a small  pigmented  spot  in  the  wound;  but  as  entanglement  of 
the  iris  is  apt  to  lead  to  iritis  or  iridocyclitis  (Fig.  311),  or  form  a 
path  for  infection,  it  should  be  excised  when  possible.  Otherwise, 
to  let  it  alone  is  preferable  to  incision  or  the  use  of  the  cautery. 

Septic  infection  is  a droadoa  and  usually  fatal . complication.  It 
may  arise  in  the  wound  or  from  the  iris  (suppurative  iritis),  or  more 
rarely  in  the  vitreous.  The  first  is  usually  by  infection  from  without 
after  operation,  the  othei  two  forms  by  operative  infection.  Sup- 
puration of  the  wound  is  most  common.  It  is  announced  by  pain 
and  marked  inflammatory  symptoms,  and  the  wound  is  found  to 
present  swollen  edges  and  a yellowish  infiltration  along  its  course. 
This  may  spr:ad  toward  the  corneal  centre  or  around  the  cornea, 
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like  a ring.  The  whole  cornea  becomes  opaque,  and  usually  sloughs 
off.  The  eye  subsequently  shrinks.  Sometimes  the  suppuration 
is  limited,  and  healing  may  occur  with  some  remaining  sight  or  a 
possibility  of  obtaining  some  by  operation.  The  treatment  should 
consist  in  thorough  frequent  cleansing  of  the  eye  with  1 : 10,000 
mercuric  chloride  and  the  application  of  the  actual  cautery  or  pure 
carbolic  acid  to  the  line  of  the  wound.  These  measures  may  be 
repeated.  Subconjunctival  injections  of  mercuric  chloride  may  be 
tried,  but  are  very  painful  and  usually  useless.  But  the  course  of  the 
condition  is  nearly  always  unchecked  by  any  treatment.  If  the  sup- 


Fig.  311. 


Prolapse  of  iris  after  cataract  extraction.  The  corneal  lip  of  the  wound  is  infiltrated  and  dis- 
placed. The  low  er  part  of  the  iris  is  drawn  up  by  the  exudate.  Euucleation  on  the  tenth  day  fol- 
lowing the  extraction.  X 15.  (Prepared  by  Dr.  35.  S Thomson,  in  the  laboratory  of  the  Manhattan 
Eye  and  Ear  Hospital.) 


puration  is  from  the  iris,  or  if  pus  is  seen  within  the  anterior  chamber, 
the  wound  should  be  opened  and  the  anterior  chamber  irrigated 
with  a boric  acid  solution.  The  introduction  of  powdered  iodoform 
or  rods  made  of  iodoform  and  gelatin  has  been  recently  tried  in  this 
condition,  and  promises  better  results  than  any  other  treatment. 
If  the  infecticn  is  primarily  in  the  vitreous,  injections  of  mercuric 
chloride  into  tr»at  body  may  be  tried. 

Traumatic  striped  keratitis  is  the  name  given  to  a form  of  corneal 
inflammation  manifested  by  parallel  gray  lines  running  in  the  corneal 
substance  from  the  wound  toward  its  centre.  It  is  clue  to  bruising 
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of  the  anterior  flap  by  the  lens,  and  is  caused  by  a too  small  wound. 
It  subsides  in  a few  days. 

Occlusion  of  the  pupil  by  the  iris  is  due  to  entanglement  of  the 
iris  in  the  corneal  wound.  It  may  occur  after  either  the  simple  or 
combined  operation.  The  iris  is  stretched  over  the  entire  bottom  of 
the  anterior  chamber,  or  a small  pupillary  opening  may  be  left  near 
the  wound.  The  treatment  is  by  iridotomy. 

Cystoid  Cicatrix.  This  is  a bulging  of  a portion  or  all  of  the  corneal 
wound,  due  to  the  cicatricial  tissue  yielding  to  intra-ocular  pressure. 
The  adjacent  conjunctiva  is  sometimes  involved.  It  is  to  be  treated 
by  a firm  compression  bandage  worn  for  several  weeks.  This  some- 
times fails  to  relieve  the  condition,  under  which  circumstances  the 
site  of  the  original  wound  may  be  exposed  by  turning  up  a small 
conjunctival  flap,  the  leaking  point  found  and  touched  with  the 
galvanocautery. 

Glaucoma  sometimes  develops  after  cataract  extraction,  probably 
being  induced  by  the  use  of  atropine  in  eyes  predisposed  to  the 
disease.  It  is  to  be  treated  on  the  same  principles  as  glaucoma 
occurring  under  other  circumstances,  but  as  a rule  yields  to  the  use 
of  eserine  and  heat.  If  not,  an  iridectomy,  sclerotomy,  or  even  sym- 
pathectomy, may  have  to  be  done. 

Secondary  or  After-cataracts.  In  a majority  of  cases  there 
remains  after  the  removal  of  the  lens  a membranous  opacity,  called 
secondary  or  after-cataract.  This  consists  of  the  posterior  capsule, 
with  possibly  some  of  the  anterior  capsule,  and  it  may  be  thickerec 
by  the  deposit  on  it  of  inflammatory  exudate  from  the  iris.  Second- 
ary cataract  varies,  therefore,  in  density  from  a filmy  membrane 
which  offers  no  obstacle  to  vision,  to  a dense,  tough  membrane  com- 
pletely abrogating  useful  vision.  Provided  the  vision  is  not  better 
than  20/50  and  the  reduction  of  vision  is  not  manifestly  due  to 
some  other  cause,  the  membrane  should  be  divided.  The  operation 
is  known  as  capsulotomy.  It  should  not  be  done  until  the  eye  is 
entirely  free  from  the  redness  and  inflammation  following  the  primary 
operation. 

Instrianents.  Speculum  (Fig.  290),  fixsticn  forceps  (Fig.  291), 
needle  and  knife  needle  (Fig.  292). 

Treatment.  The  pupil  is  dilated  with  atropine,  the  eye  anaesthetized, 
the  lids  separated  by  the  speculum,  and  the  eye  grasped  with  fixation 
forceps.  Artificial  light  is  preferabk,  and  should  be  concentrated  on 
the  field  of  operation  by  means  of  a reading-glass  held  by  an  assistant. 
The  knife  needle  is  entered  n°ar  Tie  corneal  margin,  and  the  membrane 
penetrated  and  cut  through  in  such  a manner  as  to  leave  an  opening 
in  the  centre  of  the  pupil.  This  is  very  well  accomplished  by  making 
the  incision  in  the  form  of  an  inverted  A,  the  tongue-shaped  flap 
being  pushed  backward  by  the  needle  before  it  is  withdrawn  from 
the  eye.  If  too  rigid  to  remain  bent  out  of  the  way,  it  may  be  par- 
tially divided  across  its  base  by  a third  incision.  The  cutting  edge 
of  the  knife  needle  should  be  extremely  sharp,  and  the  membrane 
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cut  through  by  rapid  short  sawing  strokes.  This  is  done  to  avoid 
traction  of  the  ciliary  body,  which  would  probably  cause  cyclitis.  If 
the  membrane  is  too  tough  to  cut  readily,  it  should  be  transfixed 
first  by  a needle,  then  the  knife  needle  entered  through  the  opposite 
side  of  the  cornea,  and  thrust  through  the  membrane  near  the  needle. 
It  is  made  to  cut  away  from  this  point,  the  needle  acting  as  the  point 
of  resistance,  to  protect  the  ciliary  body,  or  two  needles  may  be 
entered  on  opposite  sides  of  the  cornea  and  made  to  pierce  the  mem- 
brane near  the  centre.  By  approximating  the  handles  of  the  points 
separate,  the  cornea  at  the  site  of  penetration  acts  as  a fulcrum, 
and  the  membrane  is  torn. 


Fig.  312. 


Leucocytic  infiltration  of  lens.  From  a case  of  iridocyclitis  following  a wound  in  the  ciliary 
region.  X 100.  (Prepared  by  Dr.  E.  S.  Thomson  i>:  iUe  laboratory  of  the  Manhattan  Eye  and  Ear 
Hospital.) 


When  the  pupil  is  small  and  undilatable,  Noyes  proposed  to  enter 
a thin  cataract  knife  through  the  sclerotic  behind  the  ciliary  body, 
and  to  transfix  and  cue  the  membrane  from  behind. 

If  the  pupil  is  occluded  by  drawing  the  iris  over  it,  this  should 
be  dealt  with  by  indotomy.  The  incision  may  be  made  with  the 
knife  needle  or  with  Wecker’s  scissors  (Fig.  305),  introduced  after 
making  a sufficiently  large  corneal  wound  with  a broad  needle  or 
keratome.  The  scissors  are  introduced  closed,  opened  in  the  anterior 
chamber  and  one  blade  made  to  penetrate  the  iris.  The  iris  lying 
between  the  blades  is  then  divided,  usually  in  a V or  cross-shape. 
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After  the  completion  of  capsulotomy  or  iridotomy  atropine  is 
instilled  and  the  eye  covered  with  a dressing.  The  patient  should 
be  kept  in  bed  for  twenty-four  hours,  and  the  least  sign  of  iritis 
should  be  promptly  met  by  leeching  and  ice  compresses.  Otherwise, 
inflammatory  products  will  soon  fill  the  opening  and  nullity  the  effect 
of  the  operation. 

Accidents.  The  accidents  most  likely  to  happen  are  infection,  glau- 
coma, intense  inflammatory  reaction,  and  detachment  of  the  retina. 
The  treatment  of  these  conditions  is  given  elsewhere. 

Aphakia.  Aphakia  is  the  name  given  to  absence  of  the  lens,  and 
is  the  condition  that  exists  after  a cataract  has  been  removed.  Its 
principal  characteristic  is  an  increase  in  the  refraction  of  the  eye  by 
the  dioptric  value  of  the  lens,  usually  10  D.  or  12  D.,  loss  of  all  power 
of  accommodation,  and  in  cases  of  cataract  extraction  by  the  de- 
velopment of  corneal  astigmatism  at  right  angles  to  the  direction  of 
the  corneal  incision.  This  astigmatism  is  great  at  first,  usually  from 
3 D.  to  5 D.,  but  as  cicatrization  progresses  it  diminishes,  usually 
to  1 D.  Some  patients  possess  a sort  of  pseudo-accommodation,  which 
is  generally  performed  by  squinting  or  partially  closing  the  lids.  The 
refraction  should  be  worked  out  by  the  same  means  as  used  in  esti- 
mating refraction  under  other  circumstances,  and  reading-glasses  of 
3.50  D.  or  4 D.  stronger  than  the  distance  correction  also  given. 
Bifocal  lenses,  or,  if  only  one  eye  is  useful,  reversible  frames,  are  to 
be  given.  The  strength  of  the  correction  for  near  work  must  be 
made  to  accord  with  the  distance  at  which  the  patient  will  use  his 
eyes  most. 

Tnfla.Tnma.tinn  and  new-growths  of  the  lens  do  not  occur,  although 
the  lens  may  be  the  seat  of  infiltration  of  leucocytes  in  cyclitis. 
(Fig.  312.) 
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GLAUCOMA. 

By  E.  TREACHER  COLLINS,  F.R.C.S.  Eng. 

The  term  “ glaucoma  ” is  derived  from  the  Greek  word  yXauxos,  sig- 
nifying sea-green.  It  was  used  by  Hippocrates,  and  was  applied 
originally  to  affections  of  the  eye  in  which  a green  or  greenish-gray 
reflex  was  obtained  from  the  pupil.  At  different  times  the  disease  has 
been  regarded  as  an  affection  of  the  crystalline  lens,  an  affection  of 
the  vitreous  humor,  and  an  effusion  between  the  retina  and  choroid. 
It  was  not  until  the  discovery  of  the  ophthalmoscope  in  1851  that 
these  several  theories  respecting  it  were  found  to  be  untenable. 

Mackenzie,  of  Glasgow,  in  1830,  first  drew  attention  to  the  increased 
tension  of  the  eye  in  glaucoma,  which  is  now  known  to  be  its  essen- 
tial factor.  As  was  pointed  out  first  by  von  Graefe,  all  the  other 
symptoms  can  be  explained  as  the  result  of  increased  tension. 

Glaucoma  may  now  be  defined  as  increased  tension  of  the  eye,  the 
result  of  derangement  in  the  circulation  of  the  intra-ocular  fluid. 

A green  reflex  from  the  pupil  is  not  always  present  in  glaucoma, 
and  it  may  be  met  with  in  other  conditions  in  which  there  is  no 
increase  of  tension. 

A derangement  of  the  circulation  of  the  intra-^cuiar  fluid  causing 
increase  of  tension  may  occur  in  a variety  of  ways.  It  may  occur 
in  an  eye  which  in  other  respects  is  apparently  healthy,  or  it  may 
be  the  result  of  some  obvious  precedent  disease.  In  the  former  case 
the  glaucoma  is  termed  primary , and  in  the  latter  secondary. 

The  Mechanism  for  the  Maintenance  of  Normal  Ocular  Tension. 
There  are  three  sorts  of  fluid  within  tnc  eyeball,  variable  in  amount: 
blood  in  the  bloodvessels,  lymph  in  the  lymphatic  spaces  of  the  uveal 
tract  and  the  perivascular  lymphatic  channels,  and  the  intra-ocular 
fluid  in  the  aqueous  and  vitreoas  chambers.  The  amount  of  blood 
in  the  intra-ocular  bloodvessel  is  subject  to  constant  variation  from 
many  causes,  such  as  a derations  in  the  blood  pressure,  changes  in 
the  shape  of  the  iris  and  ciliary  body,  and  varying  amount  of  press- 
ure from  the  surrounding  muscles. 

The  lymph  is  derived  from  the  bloodvessels,  and  its  amount  is 
dependent  on  the  blood  pressure. 

The  intra-orular  fluid  contained  in  the  aqueous  and  vitreous  cham- 
bers is  of  practically  the  same  consistency.  Its  composition  is  esti- 
mated as  99  per  cent,  water,  1 per  cent,  salts  and  extractives,  together 
with  a brace  of  albumin. 
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In  the  vitreous  this  fluid  is  lodged  in  a network  of  fibres  much  like 
water  in  a sponge,  and  is  surrounded  by  a hyaloid  membrane.  It  is 
this  arrangement  which  gives  to  the  vitreous  humor  its  gelatinous 
consistency. 

The  intra-ocular  fluid  is  a secretion,  and  not  a mere  exudation  from 
the  bloodvessels.  If  it  were  an  exudation,  it  would  contain  a large 
quantity  of  albumin,  like  lymph. 

There  is  considerable  experimental  and  clinical  evidence  to  show 
that  glaucoma  is  produced  by  the  secretive  action  of  the  epithelium 
covering  the  ciliary  body.  The  folds  of  the  ciliary  process  provide 
a comparatively  large  epithelial  covered  surface  overlying  a dense 
plexus  of  bloodvessels.  There  are,  moreover,  on  the  pigmented  layer 
numerous  little  tubular  recesses,  presumably  glands,  concerned  to 
some  extent  in  the  elaboration  of  secretion. 

Experimentally  it  has  been  found  that  after  excision  of  the  iris  and 
ciliary  body  from  the  eye  of  a rabbit,  the  secretion  of  the  aqueous 
humor  is  arrested  and  the  vitreous  shrinks.  Also,  that  subcuta- 
neously injected  fluids  make  their  appearance  in  the  eye  first  at  the 
ciliary  body,  and  thence  spread  to  the  vitreous,  and  through  the 
pupil  to  the  anterior  chamber. 

Clinically,  we  find  that  when  the  pupil  becomes  closed  by  a com- 
plete ring  of  posterior  synechise  the  aqueous  humor  accumulates 
behind  the  iris,  bowing  it  forward.  Further,  that  all  the  vascular 
structures  within  the  eye,  other  than  the  ciliary  body,  may  be  absent, 
or  have  their  vessels  occluded,  without  alteration  in  the  amount  of 
the  intra-ocular  fluid  or  the  tension  of  the  eye  being  noted;  while 
destructive  processes  involving  the  ciliary  body  cause  shrinking  of 
the  globe.  Thus,  the  tension  of  the  eye  and  the  intra-ocula  secretion 
have  been  found  unaltered  when  the  following  conditions  were 
present:  congenital  and  traumatic  aniridia,  embolism  of  +Le  central 
artery  of  the  retina,  congenital  absence  of  the  choroid.  The  tension 
has  also  been  known  to  remain  increased,  where  ah  ihe  bloodvessels 
supplying  the  retina  and  choroid  have  been  eur  through,  after  the 
operation  of  optico-ciliary-neurotomy  performed  for  absolute  glau- 
coma. 

Some  of  the  secretion  from  the  ciliary  ood y passes  directly  forward 
between  the  iris  and  lens  into  the  anterior  chamber.  The  main  exit 
for  fluid  from  the  anterior  chamber'  ;s,  as  first  proved  by  Leber,  at 
its  angle.  It  passes  through  the  spaces  of  Fontana  in  the  ligamentum 
pectinatum,  into  the  canal  of  Scblemm  by  a process  of  filtration,  and 
from  there  into  the  anterior'  ciliary  veins.  A certain  amount,  Nuel1 
has  shown,  also  escapes  through  the  iris,  entering  the  openings  on  its 
anterior  surface,  which  ar<  situated  mostly  near  its  ciliary  and  pupil- 
lary margins,  then  into  the  iritic  veins  by  filtration  through  their  walls. 

A part  of  the  sr,crQtion  of  the  ciliary  body  passes  to  the  vitreous 
humor.  From  the  vitreous  a small  amount  of  fluid  may  escape  along 
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the  lymphatics  around  the  central  retinal  vessels  in  the  optic  nerve, 
or  by  filtration  into  the  larger  vessels  themselves;  most,  however, 
after  permeating  the  anterior  hyaloid  membrane  and  suspensory  liga- 
ment, passes  through  the  circumlental  space  and  pupil  into  the 
anterior  chamber. 

In  a hollow  sphere  distended  with  fluid  the  amount  of  pressure  on 
the  walls  is  equal  at  all  points.  In  the  eye,  which  is  divided  into 
two  chambers,  the  aqueous  and  vitreous,  by  a diaphragm  consisting 
of  the  lens  and  its  suspensory  ligament,  it  is  conceivable  that  the 
pressure  in  one  or  the  other  might  be  greater.  In  the  normal  con- 
dition this  is  not  the  case.  The  pressure  in  the  vitreous  chamber 


Fig.  313. 


The  angle  of  the  anterior  chamber  in  a healthy  eye  showing  the  canal  of  Schlemm,  the 
ligamentum  pectinatum,  and  lymphatic  crypts  the  periphery  of  the  iris. 


and  in  the  anterior  chamber,  measured  experimentally  by  a manom- 
eter, has  been  found  to  be  equal  in  each  to  a column  of  mercury  about 
28  mm.  in  height.  The  equality  of  pressure  is  maintained  by  the 
possible  free  escape  of  fluid  from  the  vitreous  into  the  anterior 
chamber,  and  free  escaoe  of  fluid  from  the  anterior  chamber  out  of 
the  eye. 

In  spite  of  changes  which  are  constantly  occurring  to  alter  the 
amount  of  blood  in  the  intra-ocular  bloodvessels,  in  the  normal  con- 
dition the  tension  of  the  eye,  as  estimated  by  the  finger  pressure, 
remains  practically  uniform. 

By  a more  active  secretion  of  the  ciliary  body,  or  by  a more  rapid 
escape  ct  fluid,  the  eye  has  the  power  of  adapting  itself  so  as  to 
maintain  an  equable  amount  of  pressure  upon  the  structures  con- 
tained within. 

It  would  seem  natural  to  suppose  that  this  regulating  power  which 
maintains  a uniform  degree  of  tension  is  the  result  of  nervous  in- 
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fluences.  Our  knowledge,  however,  of  the  influences  of  the  nervous 
system  on  the  tension  of  the  eye  is  at  present  far  from  complete, 
and,  in  some  respects,  contradictory. 

We  should  like  to  know  if  the  eye,  cut  off  from  all  influences  pro- 
ceeding to  it  from  the  cerebro-spinal  or  sympathetic  nervous  system, 
is  capable  of  maintaining  normal  tension. 

The  results  of  the  operation  of  optico-ciliary-neurotomy  offer  us 
some  evidence  on  this  point.  When  performed  on  an  injured  eye  as  a 
prophylactic  against  sympathetic  ophthalmitis,  the  tension  frequently 
becomes  diminished,  and,  in  some  cases,  this  diminution  of  tension 
appears  to  be  the  direct  result  of  the  operation,  and  not  caused  by 
the  affection  of  the  eye  for  which  it  was  performed.  When  per- 
formed on  eyes  with  absolute  glaucoma,  where  presumably  the  chan- 
nels of  exit  of  fluid  from  the  eye  are  closed,  the  tension  remains 
increased. 

Nervous  influences  may  proceed  to  the  intra-ocular  structures  either 
through  the  trigeminus  or  through  the  sympathetic  nerves. 

The  experiments  of  dividing  or  irritating  the  trigeminus  in  ani- 
mals have  not  produced  uniform  results.  Some  observers  have  found 
its  division  result  in  diminished  tension,  and  its  irritation  in  increased 
tension  (Donders),  while  others  have  concluded  that  its  division  or 
stimulation  had  no  influence  on  ocular  tension  (Wegner). 

The  operation  of  removal  of  the  Gasserian  ganglion  has  now  been 
performed  a number  of  times  on  man  for  the  relief  of  neuralgia,  but 
in  the  description  of  such  cases  no  reference  is  made  to  its  effect  on 
ocular  tension.  It  is  possible  that,  unless  specially  looked  for,  some 
slight  variations  in  tension  may  have  been  overlooked. 

In  the  affection  known  as  herpes  ophthalmicus,  which  is  due  to 
a lesion  of  the  Gasserian  ganglion,  diminution  of  ocular  tension  is 
sometimes  noted. 

Experiments  on  animals  have  shown  that  section  of  the  cervical 
sympathetic  causes  diminution  of  ocular  tension,  while  irritation  of 
it  occasions  a transient  increase  of  tension  (Wegner,  /idamuk). 

Removal  of  the  superior  cervical  ganglion  has  been  performed  in 
man,  in  patients  who  had  no  ocular  affection,  without  any  alteration 
in  the  ocular  tension  being  appreciable  (F.  7.  Burghard1). 

Removal  of  the  superior  cervical  ganglion  in  patients  with  primary 
glaucoma  sometimes  reduces  the  tendon  (Jonnesco2).  In  some  cases 
of  paralysis  of  the  cervical  sympathetic  from  injury  or  pressure,  a 
slight  diminution  of  ocular  tension  has  been  noted. 

In  cases  where  symptoms  ot  stimulation  of  the  cervical  sympa- 
thetic are  present,  as  in  Graves  disease,  glaucoma  has  not  been  proved 
to  be  of  unusually  freauert  occurrence. 

Stimulation  or  removal  of  the  superior  cervical  ganglion  causes 
several  changes  in  c*r\d  about  the  eye,  which  it  is  conceivable  would 
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tend  to  influence  the  intra-ocular  pressure.  Thus  its  stimulation 
causes  : 

1.  Dilatation  of  the  pupil,  which  might  impede  the  exit  of  fluid  from 
the  eye  by  narrowing  the  orifices  of  the  lymphatic  spaces  on  the 
anterior  surface  of  the  iris,  or  by  approximating  the  root  of  the  iris  to 
the  back  of  the  cornea  in  the  region  of  the  spaces  of  Fontana. 

2.  Increased  blood  pressure,  which  diminishes  the  amount  of  blood 
in  the  eye,  and  so  lessens  the  amount  of  its  contents,  but  also  probably 
increases  the  amount  of  lymph  in  the  intra-ocular  lymphatics. 

3.  Increased  secretion  from  the  ciliary  body,  which  tends  to  increase 
the  contents  of  the  eye. 

4.  Contraction  of  the  unstriated  muscle  fibres  of  Muller,  which  by 
compression  of  the  efferent  veins  coming  from  the  eye  delays  the  exit 
of  blood  from  it. 

Removal  of  the  ganglion  produces  just  the  reverse  effect:  it  con- 
tracts the  pupil,  lowers  blood  pressure,  diminishes  secretion,  and 
allows  of  relaxation  of  the  muscle  fibres  of  Muller. 

Another  factor  calling  for  consideration  in  the  maintenance  of  nor- 
mal intra-ocular  tension  is  variation  in  the  composition  of  the  intra- 
ocular fluid.  It  has  to  escape  from  the  eye,  as  already  mentioned,  by 
a process  of  filtration.  Containing,  as  it  does  in  the  normal  state, 
but  a trace  of  albumin,  this  filtration  may  readily  take  place.  Should, 
however,  the  anterior  chamber  be  punctured  and  the  aqueous  humor 
allowed  to  escape,  the  fresh  aqueous  humor,  which  is  formed  much 
more  rapidly  than  under  the  usual  conditions,  is  found  to  contain  a 
considerable  quantity  of  albumin,  and  will  consequently  lake  much 
longer  to  filter  out  of  the  eye. 

The  Effects  of  Increased  Tension  on  the  Varion*:  Structures  of  the 
Eye  and  Their  Respective  Functions. 

The  maintenance  of  the  normal  amount  of  intra-ocular  pressure  is 
most  essential  for  the  regular  performance  of  the  functions  of  the 
different  structures  composing  the  eyebjll.  We  shall  now  proceed  to 
describe  the  changes  which  are  produced  in  an  eye  as  a result  of  a 
disturbance  in  the  intra-ocular  pressure,  resulting  in  increased  tension. 

Sclerotic  and  Conjunctiva.  A sudden  onset  of  increased  tension 
so  disturbs  the  intra-oculai  blood  circulation  as  to  cause  for  a time  a 
general  congestion  of  the  ciliary  bloodvessels  in  the  sclerotic,  and 
often  also  of  those  of  conjunctiva.  In  the  most  acute  cases  this 
congestion  is  accompanied  by  oedema  of  the  conjunctiva  (chemosis), 
and  sometimes  even  oedema  of  the  eyelids.  The  vessels  being  mostly 
engorged  with  venous  blood,  the  injection  has  a characteristic  dusky 
hue.  The  main  exit  of  blood  from  the  uveal  tract  is  by  the  venae 
vorticosae;  the  channels  in  the  sclerotic  through  which  these  pass 
run  verv  obliquely,  and  when  the  sclerotic  is  stretched,  as  it  is  in  glau- 
coma they  easily  become  closed.  The  result  of  such  obstruction  is 
to  cause  considerable  enlargement  of  the  anterior  ciliary  veins,  which 
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normally  give  exit  to  only  a small  portion  of  the  venous  blood  from 
the  ciliary  body,  and  which  perforate  the  sclerotic  more  at  a right 
angle  than  the  venae  vorticosae. 

Increase  of  tension  of  some  duration  will  cause  hypertrophy  of  the 
anterior  ciliary  arteries  from  the  increased  obstruction  to  the  entrance 
of  blood  into  the  eye. 

When  the  onset  of  increased  tension  comes  on  gradually,  instead 
of  suddenly,  an  adaptation  of  the  intra-ocular  blood  circulation  to 
the  altered  conditions  is  rendered  possible,  and  the  violent  disturb- 
ance resulting  in  congestion  and  oedema  does  not  take  place.  Indeed, 
some  cases  of  primary  glaucoma  develop  so  slowly  that  scarcely  any 
alteration  in  the  state  of  the  ciliary  bloodvessels  is  to  be  observed,  or 
at  most  slight  enlargement  of  the  anterior  perforating  vessels. 

The  effects  of  increased  tension  on  the  sclerotic  vary  very  much 
according  to  the  age  of  the  patient.  In  early  life  the  sclerotic  is  an 
elastic  structure;  as  life  advances,  it  becomes  tougher  and  less  ex- 
pansible. Consequently,  if  increase  of  tension  is  met  with  in  infancy 
or  early  childhood,  the  sclerotic  will  give  and  the  whole  globe  become 
enlarged. 

After  adolescence,  the  sclerotic  being  hard  and  unyielding,  little 
alteration  in  the  shape  of  the  globe  is  met  with  as  the  result  of 
glaucoma;  usually  there  is  slight  distention  in  the  spaces  between 
the  recti  muscles,  so  that  the  globe  becomes  somewhat  square  in 
shape. 

Should  there  have  been,  previously  to  the  onset  of  the  glaucoma, 
some  weakening  or  thinning  of  the  walls  of  the  globe,  as  from  a patch 
of  choroiditis,  then,  when  the  tension  is  increased,  that  spot  is  lik  Ay 
to  give  and  become  staphylomatous. 

Cornea.  As  the  result  of  increase  of  tension,  some  interltrence  in 
the  circulation  of  the  lymph  streams  in  the  cornea  may  occur.  This 
is  especially  liable  to  take  place  where  the  onset  of  tension  is  sudden. 
Its  effect  is  to  cause  oedema  at  the  anterior  part;  the  spaces  between 
the  anterior  lamellae  of  fibrous  tissue  are  four:a  tn!arged  and  filled 
with  albuminous  fluid.  Spaces  are  also  met  with  between  the  surface 
epithelium  and  the  anterior  limiting  membiane,  between  the  epi- 
thelial cells  themselves,  and  in  the  channels  in  the  anterior  limiting 
membrane  through  which  the  nerve  fibres  pass  to  the  epithelium. 
Clinically,  this  oedema  gives  rise  to  a superficial  haziness  of  the 
cornea,  which  rapidly  disappears  when  the  tension  is  lowered. 

In  cases  where  the  oedema  has  been  present  for  a long  time,  small 
vesicles  may  form  on  the  surface  of  the  cornea;  in  some  cases  a new 
formation  of  fibrous  tissut  beneath  the  epithelium  and  external  to 
the  anterior  limiting  membrane  takes  place. 

Anaesthesia  of  the  cornea  is  a common  accompaniment  of  glaucoma, 
and  has  been  attributed  to  compression  of  the  nerve  fibres  going  to  the 
epithelium  by  the  fluid  in  the  lymph  spaces  around  them,  as  they  pass 
forward  throng]  1 channels  in  the  anterior  limiting  membrane.  It 
may  also  be  due  to  compression  of  the  long  ciliary  nerve,  from  which 
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the  corneal  nerves  are  derived,  against  the  hard,  unyielding  sclerotic, 
as  they  pass  forward  on  the  outer  surface  of  the  choroid. 

The  haziness  of  the  cornea  when  present,  apart  from  other  causes, 
tends  to  make  vision  misty.  It  is  also  the  cause  of  another  very 
characteristic  symptom  of  glaucoma,  viz. : the  appearance  in  the  dark 
of  halos  of  rainbow  colors  around  lights,  the  red  color  always  being 
the  outermost. 

A precisely  similar  appearance  of  halos  of  rainbow  colors  around 
lights  is  produced  by  dropping  a solution  of  the  alkaloid  erythroph- 
laeine,  obtained  from  an  African  arrow  poison,  into  the  eye.1  It 
causes  also  a slight  steaminess  of  the  surface  of  the  cornea,  slight 
anaesthesia,  and  some  blurring  of  vision,  but  does  not  increase  the 
tension.  One  specimen  dilated  the  pupil  and  another  contracted  it; 
with  both  the  halos  were  seen.  Evidently  then  they  are  not  the 
result  of  pressure  on  the  retina  or  any  alteration  in  the  pupil.  Halos 
may  also  be  produced  by  the  instillation  of  a drop  of  erythrophladne 
in  the  eye  of  a patient  who  has  undergone  extraction  of  cataract, 
which  excludes  the  lens  from  any  participation  in  their  production. 
We  are  led  irresistibly  to  conclude  that  they  are  the  result  of  the  slight 
haze  in  the  cornea. 


Fig.  314. 


The  angle  of  the  anterior  chamber  in  a case  of  primary  glaucoma,  showing  closure  of  the  filtration 
area  at  the  periphery  of  the  cornea,  by  app  jeition  with  it  of  the  root  of  the  iris. 


\ 


In  primary  glaucoma  which  occurs  late  in  life  no  appreciable  altera- 
tion in  the  shape  or  size  of  th3  cornea  occurs.  When,  however,  in- 
crease of  tension  is  met  with  in  infancy  or  early  life,  the  cornea,  like 
the  sclerotic,  being  still  very  elastic,  enlarges  and  becomes  globular  in 
shape.  The  condition  is  spoken  of  as  keratoglobus  or  buphthalmos. 

Anterior  Chamber.  The  condition  of  the  anterior  chamber  in 
glaucoma  varies  with  the  position  at  which  the  primary  obstruction 
in  the  circulation  of  the  intra-ocular  fluid  takes  place.  In  primary 
glaucoma  it  is  shallow;  as  will  be  shown  later,  this  is  due  to  an  increase 
of  tension  occurring  first  in  the  vitreous  chamber,  and  the  lens  with  its 
suspensory  ligament  being  forced  forward.  A continued  shallowing  of 
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the  anterior  chamber,  and  pressure  of  the  ciliary  processes  against 
the  root  of  the  iris,  result  in  contact  of  the  latter  with  the  back 
of  the  cornea  and  a narrowing  of  the  angle  of  the  chamber. 

In  some  cases  of  secondary  glaucoma  and  in  cases  of  congenital 
glaucoma  the  primary  obstruction  to  the  circulation  of  the  intra- 
ocular fluid  is  at  the  angle  of  the  anterior  chamber,  where  it  gains 
exit  from  the  eye ; the  anterior  chamber  then  becomes  deepened. 

Iris.  Pressure  of  the  root  of  the  iris  against  the  back  of  the  cornea 
leads  to  compression  of  both  its  bloodvessels  and  nerves.  If  the 
increased  tension  is  sudden  in  onset,  the  compression  at  first  causes 
oedema  and  venous  engorgement,  which  make  the  iris  appear  altered 
in  color.  Later  on,  its  vessels  become  empty  and  its  stroma  atrophies 
and  shrinks.  The  pigment  epithelium  on  the  posterior  surface  of  the 


Fig.  315. 


The  iris  and  ciliary  body  from  a case  of  glaucoma  of  long  standing,  showing  mai  ted  ectropion  of 
the  pigment  epithelium  at  the  pupillary  margin.  The  angle  of  the  anterior  chamber  was  closed  by 
apposition  of  the  root  of  the  iris  to  the  back  of  the  cornea ; in  the  preparation  p:  'he  specimen  they 
have  become  slightly  separated.  There  is  an  abrupt  bend  in  the  iris  where  it  massed  to  be  in  contact 
with  the  cornea.  The  stroma  of  the  iris  is  much  atrophied,  so  that  it  appear  /t  ry  thin. 


iris  is  unaffected  by  the  atrophy.  It  normr  liy  ends  at  the  pupillary 
margin;  but  in  cases  of  glaucoma  of  long  standing,  by  the  shrinking 
of  the  stroma,  the  pigment  epithelium  becomes  drawn  around  onto 
the  anterior  surface,  a condition  which  s spoken  of  as  ectropion  of 
the  pigment  epithelium.  Clinicary  it  is  seen  as  a dark  pigmented 
area  on  the  surface  of  the  irk  at  the  pupillary  margin,  usually  ex- 
tending more  in  one  direction  than  another.  It  is  most  marked 
where  the  iris  has  become  most  atrophied  and  where  the  dilatation 
of  the  pupil  is  widest. 

The  pressure  of  the  nerves  against  the  back  of  the  cornea  in  acute 
cases  of  glaucoma  paralyzes  the  iritic  muscles,  and  the  pupil  becomes 
inactive  and  semidilated.  If  the  tension  is  relieved  before  atrophy 
has  set  in,  its  activity  returns.  In  long-standing  cases  of  glaucoma 
permanent  dilatation  of  the  pupil  may  be  brought  about  through 
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atrophy  of  the  sphincter  muscle  and  shrinking  of  the  stroma.  The 
amount  of  dilatation  is  sometimes  not  equal  in  all  directions,  so  that 
the  pupil  is  often  oval  or  irregularly  circular,  and  it  may  be  displaced 
away  from  the  centre. 

When  the  cornea  and  root  of  the  iris  have  been  in  apposition  for 
only  a short  while,  their  separation  is  easily  effected.  After  a time, 
however,  cell  exudation  takes  place  and  they  become  adherent,  and 
in  long-standing  cases  of  glaucoma  most  intimately  adherent. 

In  chronic  cases  of  glaucoma,  where  the  onset  of  tension  is  gradual, 
and  there  has  been  time  for  compensatory  changes  to  take  place  in 
vessels  and  nerves,  the  dilatation  of  the  pupil  and  atrophy  of  the  iris 
may  be  absent. 

Ciliary  Body.  Increase  of  tension  early  causes  disturbance  in  the 
accommodative  action  of  the  ciliary  muscle,  due  probably  to  com- 
pression of  the  ciliary  nerves  against  the  sclerotic.  It  manifests  itself 
by  the  apparent  rapid  advance  of  presbyopia,  the  patient  requiring 
stronger  and  stronger  glasses  for  near  work.  In  the  early  stages  of 
primary  glaucoma,  more  especially  in  acute  cases,  the  ciliary  proc- 
esses are  swollen  and  cedematous,  their  veins  are  engorged,  and  they 
press  forward  against  the  root  of  the  iris.  After  increase  of  tension 
has  been  established  for  some  time,  they  become  atrophied  and  shrink, 
as  also  does  the  ciliary  muscle,  so  that  in  cases  of  glaucoma  of  long 
standing  they  are  no  longer  in  contact  with  the  back  of  the  iris,  and 
a considerable  space  is  left  between  them  and  the  margin  of  the  lens. 
The  ciliary  body  receives  an  extensive  nerve  supply,  from  both  the 
long  and  short  ciliary  nerves,  which  perforate  the  sclerotic  posteriorly 
and  pass  forward  in  the  lamina  suprachoroidea,  until  they  break  up 
into  a net-work  of  fine  branches,  which  is  known  as  the  ciliary  plexus. 
It  is  the  sudden  onset  of  pressure  of  this  plexus  against  the  unyielding 
sclerotic  which  is  the  cause  of  the  excessive  p xin  of  acute  glaucoma 
— pain  which  is  not  confined  to  the  eye,  but  referred  also  to  other 
parts  supplied  by  the  fifth  nerve,  especial 'y  those  receiving  branches 
from  its  first  division.  Certain  reflex  disturbances  may  also  be  set 
up,  which  will  be  referred  to  in  sneaking  of  the  different  clinical 
types  of  glaucoma. 

When  increased  tension  comes  on  gradually  and  is  not  very  intense, 
the  nerves,  like  the  bloodvessels,  have  the  power  of  adapting  them- 
selves to  the  changed  conditions,  and  in  the  majority  of  chronic 
cases  of  glaucoma  no  pain  is  experienced  by  the  patient  from  first 
to  last. 

Choroid.  The  effect  of  increased  tension  on  the  choroid  in  acute 
cases  of  glaucoma,  as  on  the  other  portions  of  the  uveal  tract,  the 
iris  and  ciliary  body,  is  first  to  produce  a condition  of  venous  conges- 
tion and  ceuema;  later  on,  emptying  of  its  vessels  and  atrophy.  In 
chronic  glaucoma,  on  the  other  hand,  no  sudden  disturbance  of  the 
circulation  is  set  up,  but  the  compression  of  the  choroid  against  the 
sc'erotic  tends  to  empty  the  blood  out  of  the  capillaries.  The  fundus 
oplithalmoscopically  in  such  cases  is  seen  to  lose  its  uniform  red  hue, 
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and  to  present  a tessellated  appearance,  due  to  exposure  of  the  net- 
work of  larger  vessels  in  its  outer  layers. 

Atrophy  of  the  choroid,  the  result  of  increased  tension,  is  most 
marked  at  the  parts  where  it  has  the  firmest  attachments  with  the 
structures  external  to  it,  viz.:  around  the  optic  disk  and  at  the  seats 
of  exit  of  the  vortex  veins.  When  increase  of  tension  has  existed 
for  some  time,  the  optic  disk  is  usually  seen  to  be  encircled  by  a 
yellowish-white  ring,  which  is  due  to  the  atrophied  choroid  allowing 
the  sclerotic  to  be  exposed  to  view. 

Lens.  The  displacement  forward  of  the  lens  in  primary  glaucoma 
tends,  if  the  eye  is  emmetropic,  to  make  it  myopic,  as  do  also 
stretching  of  the  walls  and  expansion  of  the  globe  in  the  antero- 
posterior axis.  A drag  on  the  suspensory  ligament  from  displacement 
forward  of  the  lens  or  expansion  of  the  globe  in  the  ciliary  region 
would,  on  the  other  hand,  lessen  its  refractive  power,  and  tend  to 
make  an  emmetropic  eye  hypermetropic. 

In  glaucoma  in  the  adult  hardly  any  expansion  of  the  globe  takes 
place,  but  it  is  stated  that  during  attacks  of  glaucoma  the  refraction 
usually  is  increased. 

In  glaucoma  in  early  life,  where  considerable  enlargement  of  the 
globe  in  all  its  meridians  is  met  with,  the  lengthening  of  the  globe  is 
compensated  for  in  part  by  the  flattening  of  the  lens,  and  the  amount 
of  myopia  met  with  is  not  as  much  as  might  otherwise  have  been  ex- 
pected. 

In  glaucoma  of  long  standing  the  nutrition  of  the  lens  sometimes 
suffers,  and  it  becomes  cataractous.  The  opacity  of  the  lens  occasioned 
by  glaucoma  usually  presents  a bluish  metallic  lustre. 

Aqueous  and  Vitreous  Humors.  Seeing,  as  already  stated,  that  in 
acute  glaucoma  there  are  at  first  venous  congestion  and  oedema  of 
the  iris  and  ciliary  body,  it  might  seem  natural  to  suppose  ihat  there 
would  be  serous  exudation  into  the  aqueous  and  vitreous  chambers, 
and  that  the  intra-ocular  fluid  would  be  more  albuminous  than  nor- 
mal. Whether  this  is  so  or  not,  has  yet  to  be  determined  definitely. 

The  haze  of  the  cornea  in  acute  glaucoma  prevents  it  being  seen 
how  much  the  obscuration  of  the  fundus  may  be  due  to  want  of  clear- 
ness in  the  other  media.  That  part  of  tl  e ii  creased  brilliancy  in  the 
iris  which  is  observed  immediately  after  opening  the  anterior  cham- 
ber in  operations  for  acute  glaucoma  Is  due  to  escape  of  imperfectly 
clear  aqueous  humor,  there  can  be  !itile  doubt. 

The  greenish-gray  reflex  from  ihe  pupil  sometimes  seen  in  glaucoma 
is  probably  in  part  due  to  an  mcreased  serosity  of  the  media. 

Retina.  The  immediate  effect  of  increased  tension  on  the  retinal 
bloodvessels  is  to  obstruct  both  the  entrance  of  blood  by  the  arteries 
and  its  exit  by  the  veins.  Consequently  the  latter  become  enlarged 
and  the  former  smaller  than  normal.  The  intra-ocular  pressure  and 
the  pressure  of  the  blood  in  the  retinal  vessels  are  so  balanced,  under 
normal  conditic  ns,  that  no  pulsation  is  to  be  observed  in  the  retinal 
arteries.  When  the  intra-ocular  pressure  is  much  increased,  or  the 
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arterial  pressure  much  diminished,  this  balance  is  disturbed;  blood 
then  can  force  its  way  into  the  retinal  arteries  only  during  contrac- 
tion of  the  heart,  and  pulsation  in  them  becomes  visible  in  the  vicinity 
of  the  optic  disk.  If  the  increased  tension  in  a case  of  glaucoma  is 
not  sufficient  to  give  rise  to  pulsation  of  the  retinal  arteries,  it  may 
readily  be  elicited  by  slight  pressure  on  the  globe  with  the  finger. 
Under  normal  conditions  a considerable  amount  of  pressure  on  the 
globe  is  required  to  produce  pulsation. 

Pulsation  of  the  retinal  arteries  has  been  observed  in  cases  of  aortic 
regurgitation  and  of  syncope,  without  increased  tension  of  the  eye 
and  due  to  diminished  blood  pressure. 

As  the  result  of  long-continued  increased  tension  the  walls  of  the 
retinal  arteries  become  sclerosed.  Hemorrhages  into  the  retina  from 
rupture  of  the  small  vessels  are  met  with  frequently  in  glaucoma. 

A disturbance  of  the  function  of  the  retina,  as  the  result  of  increased 
tension,  may  be  due  either  to  diminished  blood  supply  or  to  atrophy 
of  its  nerve  fibres. 

Loss  of  vision  due  solely  to  the  first  cause  is  recoverable;  that  due 
to  the  second  is  permanent. 

If  the  tension  of  a healthy  eye  be  increased  by  pressure  from  with- 
out, as  with  the  finger  upon  the  eyelid,  vision  may  be  completely 
abolished,  it  disappearing  last  in  the  region  of  the  macula.  This 
may  be  attributed  to  arrest  of  the  circulation  in  the  retinal  vessels, 
and  possibly  also  in  the  choroidal  capillaries  from  which  thn  outer 
layers  of  the  retina  receive  their  nutrient  supply.  Directly  xhe  press- 
ure is  removed,  the  circulation  is  re-established  and  vision  returns. 

In  the  same  way  in  acute  glaucoma,  vision  may,  in  the  course  of  a 
few  hours,  be  reduced  to  mere  perception  of  light  or  completely 
abolished.  If  normal  tension  is  re-established  before  sufficient  time 
has  elapsed  for  organic  changes  in  the  nervous  tissue  to  set  in,  vision 
will  be  restored. 

The  branches  of  the  retinal  artery  which  go  to  the  periphery  of  the 
retina  on  the  temporal  side  have  a longer  course  to  pursue  than  those 
distributed  to  other  parts,  because  the  point  of  entrance  of  the  optic 
nerve  into  the  eye  is  situated  to  ne  nasal  side  of  the  middle  line.  It 
is  the  capillaries,  therefore,  from  the  temporal  branch  which  are 
affected  first  by  any  increase  of  tension. 

The  nerve  fibres  destined  for  the  periphery  of  the  retina,  which  lie 
in  the  outer  portions  of  the  optic  nerve,  are  more  liable  to  be  exposed 
to  pressure  against  cne  sclerotic  as  they  enter  the  eye,  than  those 
destined  for  the  central  regions. 

These  two  anatomical  facts  serve  to  explain  the  manner  in  which 
vision  fails  in  cases  of  glaucoma.  The  process  begins  at  the  periphery, 
producing*  a contraction  of  the  field  of  vision.  This  contraction 
usually  is  noted  first  on  the  nasal  side.  As  the  case  progresses,  the 
field  gradually  becomes  reduced  to  a more  or  less  oval-shaped  area, 
extending  chiefly  to  the  outer  side  of  the  fixation  point.  Ultimately 
the  fixation  point  becomes  involved,  a small  area  in  the  field  to  its 
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outer  side  being  left  until  the  last.  In  some  chronic  cases  of  glau- 
coma perfect  central  vision  may  be  retained  with  extreme  contraction 


Fig.  316. 
Right  Eye 


Concentric  contraction  as  seen  in  glaucoma  simplex. 
Fig.  317. 


Left  Eye 


Concentric  contraction  as  seen  in  glaucoma  simplex. 
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of  the  field.  In  other  cases,  in  association  with  a contracted  field, 
some  loss  in  the  acuity  of  central  vision  is  met  with. 


Fig.  318. 

Eight  Eye 


Fig.  319. 
Left  Eye 


Concentric  contraction  as  seen  in  glaucoma  simplex. 
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Though  the  above  is  the  most  typical  way  for  the  field  of  vision  to 
become  affected  in  glaucoma,  cases  occur  where  it  is  contracted  con- 
centrically, or  where  there  is  a central  or  paracentral  scotoma. 

When  the  field  is  tested  by  an  object  which  subtends  a smaller  visual 
angle  than  employed  with  the  ordinary  perimeters  (as  in  the  method 


Fig.  320. 


Ophthalmoscopic  appearance  of  the  optic  disk  in  absolute  glaucoma.  (Jaeger.) 

suggested  by  Bjerrum1),  it  is  found  that  in  glaucoma,  whatever  be  the 
situation  of  the  defect  in  the  field,  it  always  starts  from  the  blind  spot. 

The  fields  for  color  usually  fail  proportionately  to  the  field  for  white 
and  to  one  another. 

In  eyes  blinded  by  glaucoma  there  are  found  some  atrophy  of  the 


Fig.  321. 


Section  of  optic  nerve  h^ad  cr  case  depicted  in  Fig.  320.  (Jaeger.) 

nervous  elements  of  the  retina  and  some  increase  of  the  fibrous  tissue 
elements.  Small  cystic  spaces  in  the  anterior  portion  of  the  retina, 
in  the  vicinity  of  the  ora  serrata,  are  met  with  very  commonly. 

Optic  Nerve.  The  delayed  exit  of  venous  blood  from  the  retinal 
vessels,  and  consequent  venous  congestion,  probably  give  rise  to 


i Nordisk  Ophthal.  Tidsskrift,  ii.,  3,  and  Ophthalmic  Review,  1890,  vol.  ix.  p.  104. 
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some  oedematous  swelling  of  the  optic  papilla  in  many  cases  of  acute 
glaucoma.  By  the  time  a clear  view  of  the  details  of  the  fundus  can 
be  obtained,  this  swelling  has  given  way  to  cupping  and  atrophy. 
Several  observers  have,  however,  described  seeing  appearances  like 
optic  neuritis  as  an  initial  symptom  in  glaucoma. 

The  position  where  the  nerve  fibres  enter  the  globe  is  a weak  spot 
in  its  walls.  There,  instead  of  having  the  three  coats — sclerotic, 
choroid,  and  retina — there  are  only  the  fibres  of  the  optic  nerve  and 
the  lamina  cribrosa.  The  latter  does  not  represent  more  than  half 
the  thickness  of  the  sclerotic,  and  is  composed  mainly  of  yellow 
elastic  tissue. 

When  the  tension  of  the  eye  becomes  increased,  this  weak  spot  soon 
begins  to  give  and  bulge  outward. 

The  sclerotic  surrounding  the  optic  disk  is  very  thick  and  unyield- 
ing, so  that,  as  the  lamina  cribrosa  becomes  curved  backward,  the 
nerve  fibres  become  compressed  against  the  tough  resistant  edge  of 
the  sclerotic  at  its  margin,  and  consequently  atrophy.  When  they 
become  atrophied  down  to  the  lamina  cribrosa,  instead  of,  as  in  the 
healthy  condition,  there  being  an  elevation  in  the  region  of  the  optic 
disk  (the  optic  papilla),  a depression  is  formed. 


Fig.  322. 


Cupping  of  thv  optic  disk  as  the  result  of  glaucoma.  Besides  depression  backward  of  the  lamina 
cribrosa  there  has  been  some  lateral  expansion,  so  that  one  side  of  the  cup  has  become  somewhat 
excavated.  In  the  preparation  of  the  specimen  the  retina  has  become  displaced  forward  from 
contact  with  tin  choroid. 

TVs  cupping  of  the  optic  disk  in  glaucoma  is  then  the  result  of  two 
causes:  depression  backward  of  the  lamina  cribrosa  and  atrophy  of 
the  nerve  fibres  down  to  it. 
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As  the  depression  backward  of  the  lamina  cribrosa  increases,  the 
sides  of  the  cup  tend  to  become  quite  steep;  they  may  become  ex- 
panded laterally  at  the  posterior  part,  so  that  on  section  it  presents 
a flask-shaped  outline. 

Ophthalmoscopically,  a cupped  condition  of  the  optic  nerve  is 
recognized,  with  the  indirect  method  of  examination,  by  the  parallax 
which  is  produced  on  movement  of  the  lens.  The  bottom  of  the 
cup  and  the  surrounding  fundus  seem  to  move  at  different  rates, 
the  former  more  slowly  than  the  latter,  so  that  the  surrounding 
fundus  appears  to  move  over  the  depressed  surface  of  the  disk. 


Fig.  323. 


Glaucomatous  excavation  taking  place  in  an  optic  nerve  with  a physiological  excavation.  (Jaeger.) 


On  examination  with  the  direct  method  it  is  found  that  a different 
lens  is  necessary  to  see  clearly  the  bottom  of  the  cup,  from  that  which 
is  required  for  the  rest  o'  the  fundus.  Thus  supposing  the  patient 
to  be  emmetropic,  a minus  lens  would  be  needed  to  see  distinctly 
the  bottom  of  the  cup;  or  if  the  patient  were  myopic,  a higher  minus 
glass  than  that  used  for  seeing  the  rest  of  the  fundus. 

When  the  side  of  the  cup  is  steep  or  somewhat  overhanging,  the 
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retinal  vessels  as  they  curl  around  it  disappear  from  view  for  a portion 
of  their  course,  or  may  be  viewed  in  a foreshortened  manner.  If 
they  disappear  from  view  for  a portion  of  their  course,  there  seems 
to  be  a break  in  the  continuity  of  the  vessel  seen  at  the  base  of  the 
cup  and  on  the  surface  of  the  retina,  it  often  reappearing  at  a slightly 
different  position  on  the  latter  from  what  it  disappeared  at  on  the 
former.  If  viewed  in  a foreshortened  manner,  the  blood  in  the  vessel 
appears  very  dark. 

The  margin  of  a cupped  disk  in  glaucoma  often  throws  a shadow 
on  its  surface,  so  that  it  appears  lightest  in  the  centre ; the  markings 
of  the  lamina  cribrosa  on  its  surface  are  usually  well  defined,  and 
its  color  is  sometimes  altered  to  a greenish  or  bluish  hue. 

Conditions  which  Predispose  to  Primary  Glaucoma  or  Excite 

Acute  Attacks. 

Age.  There  are  cases  of  glaucoma  that  date  from  birth,  or  even 
before  birth,  which  are  not  the  result  of  some  obvious  precedent 
disease,  and  which  might  be  classed  as  cases  of  primary  glaucoma. 
They  are,  probably,  the  result  of  some  congenital  defect  in  de- 
velopment, and  evidently  have  a different  causation  to  that  of 
other  cases  of  primary  glaucoma.  They  will,  therefore,  be  dealt 
with  separately  under  the  heading  of  congenital  glaucoma  or  < rimary 
buphthalmos.  Excluding  these  cases,  it  may  be  stated  that  the 
liability  to  primary  glaucoma  increases  with  advance  of  life.  Priestley 
Smith1  has  shown,  from  a careful  analysis  of  1000  c tees,  that  at  the 
age  of  sixty-five  years  the  chance  of  an  attack  of  glaucoma  is  at 
least  one  hundred  times  greater  than  at  fifteen  j'tars,  and  more  than 
twice  as  great  as  at  forty-five  years  of  age.  Primary  glaucoma  under 
thirty  years  is  very  rare;  in  practice  it  is  met  with  most  commonly 
in  the  decade  between  sixty  and  seventy  years. 

Sex.  Women  are  more  liable  to  primary  glaucoma  than  men, 
especially  to  acute  attacks. 

Heredity.  Several  striking  instant  as  are  recorded  in  which  primary 
glaucoma  has  occurred  in  members  of  the  same  family,  through  two 
or  three  generations.  The  number  of  cases  where  an  hereditary 
tendency  is  met  with  compared  with  the  number  of  cases  of  glaucoma 
which  occur  are,  however,  few. 

Race.  Certain  racjs  are  stated  to  be  more  liable  to  primary  glau- 
coma than  others,  viz.:  the  Jews,  the  Egyptians,  and  the  negroes 
of  Brazil.  More  uefinite  statistical  evidence  is  required  on  these 
matters  before  it  can  be  said  that  they  are  proved. 

Errors  of  Refraction.  Nearly  50  per  cent,  of  eyes  affected  with 
primary  glaucoma  are  hypermetropic,  and  it  is  generally  believed 
that  a ay  permetropic  eye  is  predisposed  to  glaucoma.  It  should  be 
borne  in  mind,  however,  that  hypermetropia  is  the  commonest  re- 


* Transactions  of  the  Ophthalmological  Society  of  the  United  Kingdom,  1880,  vol.  vi.  p.  294. 
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fractive  error,  and  that  the  proportion  of  cases  of  glaucoma  occur- 
ring in  association  with  hypermetropia  is  not  very  much  larger  than 
that  of  cases  of  hypermetropia  to  the  population  at  large. 

Glaucoma  in  cases  of  high  myopia  is  very  uncommon. 
Accommodative  Effort.  There  seems  good  reason  to  believe 
that  prolonged  near  work  tends  to  the  production  of  primary  glau- 
coma. Scheon1  has  published  statistics  to  show  that  the  occur- 
rence of  glaucoma  is  often  associated  with  neglect  of  the  use  of  proper 
glasses. 

Smallness  of  Cornea.  Priestley  Smith2  has  proved  conclusively 
that  eyes  with  small  corneie  are  predisposed  to  primary  glaucoma. 
He  says  that  eyes  in  which  the  cornea  measures  only  ten  millimetres  in 
the  horizontal  diameter  seem  seldom  to  escape  the  disease.  He  has 
farther  shown  that  smallness  of  the  cornea  means  smallness  of  the 
eyeball. 

Depressing  Emotions.  Among  the  more  direct  causes  of  primary 
glaucoma,  first  and  foremost  is  emotional  excitement  of  a depressing 
character.  Grief  connected  with  the  death  of  a friend  or  relative, 
anxiety  connected  with  business  matters,  or  worry  and  trouble  due 
to  other  cause,  very  commonly  precedes  the  onset  of  glaucoma. 

Widows  seem  especially  liable  to  glaucoma.  Thus  out  of  117  cases 
74  were  females,  43  males.  Of  the  7 4 females,  38  were  married,  2/ 
widows,  7 single,  2 unrecorded.  Of  the  43  males,  31  were  married, 

8 widowers,  1 single,  3 unrecorded. 

Loss  of  Sleep.  Associated  with  anxiety  or  trouble,  very  con  - 
monly,  is  loss  of  sleep,  and  the  two  seem  to  act  together  in  tending 
to  bring  on  glaucoma.  A by  no  means  uncommon  history  it.  that 
the  first  symptoms  came  on  after  the  patient  had  sat  up  at  night 
tending  some  dearly  loved  sick  relative  or  friend. 

Operation  on  One  Eye.  All  that  may  be  comprised  under  the 
term  “shock,”  both  mental  and  physical,  which  foil  nvs  an  operation 
for  glaucoma  on  one  eye,  is  very  liable  to  excite  ar  acute  attack  in 
the  other.  The  second  eye  would  no  doubt  be  predisposed  to  glau- 
coma, but  may  not  previously  have  evinced  any  symptoms  of  the 
disease 

Mydriatics.  The  use  of  a mydriatic  such  as  atropine,  to  an  eye 
predisposed  to  primary  glaucoma  is  very  liable  to  cause  increase  of 
tension,  and  its  application  may  excite  acute  attacks.  It  used  in 
chronic  cases,  it  may  intensify  the  increased  tension  and  cause  acute 

symptoms  to  set  in.  . . 

' Local  Injuries.  A slight  injury  of  the  eye,  an  abrasion  or  ulcer 
of  the  cornea,  sometimes  seems  to  be  the  determining  cause  of  the 

onset  of  primary  glaucoma.  . 

Constitutional  Conditions.  An  attack  of  facial  neuralgia  is  some- 
times the  precursor  of  glaucoma.  Other  possible  contributing  con- 

i Archiv  f.  Ootit  lalmologie,  1*87,  Band  xxxviii.,  ab.  1,  S.  193. 

a TrausaeUHib  o t the  Ophthalmological  Society  of  the  United  Kingdom,  1890,  vol.  x.  p.  68. 
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stitutional  causes  are  cold,  fatigue,  constipation,  and  vascular  or 
lung  affections  which  produce  venous  congestion  of  the  head  and 
eyes.  , 

The  Clinical  Types  of  Primary  Glaucoma. 

From  what  has  been  said  of  the  effects  of  increased  tension  on  the 
different  structures  of  the  eye,  it  will  be  seen  that  the  symptoms  of 
primary  glaucoma  vary  considerably  according  to  its  mode  of  onset. 
Different  clinical  types  of  the  disease  may  consequently  be  described- 
acute  congestive,  subacute,  and  chronic  or  non-congestive. 

It  must,  however,  be  borne  in  mind  that  no  hard-and-fast  line 
can  be  drawn  between  these  different  types.  They  merge  into  one 
another.  An  eye  may  be  affected  with  one  type  of  the  disease  at 
one  time  and  a different  one  at  another;  or  the  same  individual  may 
have  one  type  in  one  eye  and  a different  type  in  its  fellow. 

Acute  Congestive  Glaucoma.  An  acute  attack  of  glaucoma  may 
occur  in  a person  who  has  not  previously  had  premonitory  symp- 
toms of  the  disease;  it  is  then  spoken  of  as  fulminating  glaucoma. 
More  frequently  it  comes  on  in  those  who  have  experienced  one  or 
more  slight  subacute  attacks  or  in  a patient  who  has  been  suffering 
from  the  chronic  form  of  the  disease. 

The  attack  is  ushered  in  by  sudden  aching  pain  in  the  eye  and 
forehead,  sometimes  also  of  the  whole  side  of  the  face.  This  oain  is 
accompanied  by  a general  feeling  of  malaise,  repeated  attacks  of 
vomiting,  and  loss  of  appetite.  So  severe  sometimes  are  these  gen- 
eral symptoms  that  they  are  attributed  to  “a  bilious  attack,”  and 
their  connection  with  the  affection  of  the  eye  is  cften  overlooked, 
even  by  the  medical  attendant. 

The  vision  rapidly  fails,  going  on  in  the  course  of  a few  hours  or 
days,  according  to  the  severity  of  the  attack,  to  bare  perception  of 
light  or  complete  blindness.  The  eyelids  and  conjunctiva  become 
somewhat  swollen  from  oedema.  The  vessels  of  the  ocular  conjunc- 
tiva and  episcleral  tissue,  especially  the  main  trunks,  become  much 
congested  with  venous  blood.  The  cornea  loses  its  natural  brilliancy, 
presenting  a dull,  hazy  appear  nee,  and  after  a short  while  it  is  less 
sensitive  to  the  touch  than  normal.  The  anterior  chamber  is  very 
shallow;  the  pupil  is  semidnated  and  immobile,  it  commonly  assumes 
a somewhat  oval  shape,  and  may  be  occentric.  The  iris  viewed 
through  the  dull  cornea  will  be  less  brightly  colored  than  that  of 
the  fellow  eye.  Turbidity  of  the  media  usually  prevents  any  view 
of  the  details  ol  the  fundus  being  obtained  ophthalmoscopically.  On 
palpation  of  Lho  globe  through  the  lids,  the  tension  will  be  found 
considerably  raised,  usually  as  much  as  +2  or  +3.  If  the  case  is 
left  to  itself  without  treatment,  the  symptoms  of  congestion  will  last 
some  weeks,  and  then,  as  the  intra-ocular  vascular  circulation  adapts 
itself  to  the  altered  conditions,  subside.  The  tension  of  the  eye,  how- 
ever, remains  increased.  The  subsidence  of  the  congestion  is  accom- 
panied by  relief  of  pain  and  some  improvement  of  sight.  The  cornea 
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becomes  less  hazy  and  a view  of  the  fundus  can  be  obtained  oph- 
thalmoscopically,  when,  if  the  case  has  been  of  sufficient  duration, 
the  characteristic  cupping  of  the  optic  disk  will  be  detected.  The 
anterior  ciliary  vessels  remain  enlarged  and  the  pupil  dilated,  acting 
very  slightly  to  light.  Fresh  subacute  attacks  may  follow,  after  each 
of  which  less  and  less  vision  is  recovered,  absolute  permanent  blind- 
ness ultimately  resulting. 

Sometimes  after  the  first  acute  attack  the  glaucomatous  condition 
will  become  chronic,  and  the  field  of  vision  gradually  and  steadily 
contracts  without  fresh  onsets  of  congestion  and  pain. 

When  the  eye  has  become  quite  blind  and  the  condition  of  abso- 
lute glaucoma  is  established,  the  iris  will  be  much  shrunken  and 
discolored,  the  pupil  dilated  and  immobile;  at  its  margin  on  the 
surface  of  the  iris  there  will  be  a dark  ring,  often  extending  farther 
in  one  direction  than  elsewhere— ectropion  of  the  pigment  epithelium. 
The  cornea  will  be  dull,  and  vesicles  may  form  on  its  surface.  It 
will  be  very  liable  to  become  ulcerated,  and  the  ulcer  will  be  difficult 
to  heal,  often  going  on  to  perforation,  with  escape  of  some  of  the 
contents  of  the  globe. 

The  anterior  chamber  will  continue  very  shallow,  and  a dull  grayish- 
green  reflex  often  be  seen  from  the  pupil,  or  the  lens  may  become 
cataractous.  The  anterior  perforating  vessels  remain  enlarged,  and 
at  any  weak  spots  in  the  walls  of  the  globe  the  sclerotic  will  give, 
becoming  staphylomatous  and  discolored. 

Subacute  Glaucoma.  Subacute  attacks  of  glaucoma,  as  has  been 
said,  may  precede  or  succeed  an  acute  attack.  They  may  also 
occur  independently. 

In  a subacute  attack  the  symptoms  are  of  a character  s.  mi)  ar  to 
those  in  an  acute  attack,  but  of  less  severity.  The  pain  is  confined 
to  the  eye  and  is  of  the  nature  of  a ciliary  neuralgia.  The  patient 
complains  that  during  the  attack  there  is  an  appearance  as  of  a fog 
or  mist  in  front  of  the  sight,  and  that  around  lamps  at  night-time 
he  sees  rings  of  colors  like  those  of  a rainbow.  The  field  of  vision 
shows  contraction,  usually  on  the  nasal  side. 

The  injection  of  the  eye  is  not  very  intense;  it  has  a dusky  hue, 
and  usually  is  confined  to  the  anterior  } perforating  and  episcleral 
vessels.  There  is  a slight  steaminess  of  uie  cornea,  especially  about 
its  centre,  resembling  glass  which  Ij as  been  breathed  upon.  The 
pupil  is  semidilated  and  sluggish  ii  action;  the  anterior  chamber  is 
shallow.  On  ophthalmoscopic  examination  the  optic  disk  will  be 
found  cupped.  In  an  eariy  case  the  cupping  may  be  very  slight, 
amounting  to  only  a sliglT  abrupt  bending  of  the  vessels  at  one 
margin. 

The  tension  will  generally  be  found  about  +1  or  +2.  A sub- 
acute attack  may  vary  in  duration  from  a few  hours  to  a few  days.. 

In  some  pathi  is  the  symptoms  come  on  in  the  evenings,  subsiding 
after  a night's  rest.  In  the  intervals,  at  first,  perfect  vision  is  re- 
stored, cr  a slight  contraction  of  the  field  may  be  the  only  damage 
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that  has  been  effected.  As  the  attacks  become  repeated,  more  and 
more  permanent  damage  ensues,  the  amount  depending  largely  on 
their  severity  and  duration. 

Some  cases  after  one  or  two  subacute  attacks  settle  into  a 
chronic  state  with  a persistent  small  amount  of  increase  of  tension, 
without  further  exacerbation  of  symptoms,  except  steady  contrac- 
tion of  the  field  of  vision. 

Chronic  Non-congestive  Glaucoma.  A case  of  glaucoma  may  run 
a chronic  course  from  first  to  last.  A case  commencing  as  chronic 
glaucoma  may  become  complicated  with  an  acute  or  subacute  attack. 
A case  beginning  with  an  acute  or  subacute  attack  may  afterward 
pass  into  a chronic  condition.  In  chronic  glaucoma  there  is  no  pain, 
and  the  patient  is  unable  to  state  definitely,  in  a case  commencing 
as  such,  when  the  affection  began.  The  disease  may  progress  to 
almost  complete  blindness  in  one  eye  in  unobservant  patients  with- 
out their  knowing  that  anything  is  the  matter. 

An  early  symptom  often  is  the  apparent  rapid  advance  of  pres- 
byopia, the  patients  having  to  keep  on  changing  and  increasing 
the  strength  of  their  glasses  for  reading. 

There  is  no  injection  of  the  eye,  or  at  most  a slight  increase  in  the 
size  of  the  anterior  perforating  veins.  To  outward  appearances 
no  alteration  in  the  eye  is  to  be  observed.  The  cornea  remains 
bright,  and  the  pupil  of  normal  size  and  reacting  to  light.  The 
anterior  chamber  is  usually  shallower  than  normal. 

The  only  subjective  symptom  is  the  loss  of  sight,  which  commences 
at  the  periphery  of  the  field  and  extends  inward.  The  iailure  in 
vision  may  be  exceedingly  slow,  extending  over  man>  years.  Often 
perfect  central  vision  is  retained  when  the  field  has  become  con- 
tracted close  up  to  the  central  area  in  all  directions.  The  degree  of 
tension  varies  in  amount  and  in  different  cases. 

There  are  cases  in  which  the  tension  is  harvlly  ever  found  to  be 
appreciably  increased  by  the  finger-test  bet  in  which  the  cupping 
of  the  optic  disk  and  loss  of  vision  ensue  in  the  same  way  as  in  cases 
of  chronic  glaucoma,  where  the  increase  of  tension  is  undoubted.  It 
is  possible  that  in  some  of  these  case  s the  tension  becomes  raised 
only  in  the  evenings,  at  which  times  they  are  not  under  observation 
of  the  surgeon;  or  it  may  be  that  there  is  abnormal  elasticity  of 
the  lamina  cribrosa,  which  allows  it  to  be  depressed  back,  with  an 
exceedingly  slight  increase  of  the  normal  amount  of  intra-ocular 
pressure. 

In  other  cases  of  chronic  glaucoma  the  tension  varies  in  degree  from 
time  to  time;  it  may  be  as  much  as  +2. 

Ophthalmoscopically,  characteristic  cupping  of  the  optic  disk,  with 
a well-marked  scleral  ring  surrounding  the  disk,  is  seen.  Pulsation 
of  the  retinal  arteries  in  the  vicinity  of  the  disk  will  be  present  or 
readily  obtained  by  slight  pressure  of  the  finger  on  the  globe.  The 
chore  id  will  present  a tessellated  appearance. 
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Diagnosis  of  Primary  Glaucoma. 

In  cases  of  acute  glaucoma  the  general  disturbance  is  often  so 
great  that  the  fact  that  it  is  all  secondary  to  increased  tension  of 
the  eye  is  liable  to  be  overlooked.  Cases  of  acute  glaucoma  not 
uncommonly  are  treated  for  sick  headache,  neuralgia,  erysipelas, 
influenza,  or  toothache,  and  much  valuable  time  is  thereby  lost. 
The  rapid  failure  of  vision  should  serve  at  once  to  distinguish 
glaucoma  from  such  affections.  The  shallow  anterior  chamber,  dull 
cornea,  semidilated  pupil,  and  increase  of  tension  should  determine 
the  diagnosis. 

A difficulty  sometimes  arises  in  distinguishing  cases  of  subacute 
primary  glaucoma  from  iritis.  The  difficulty  is  much  increased  when, 
as  occasionally  happens,  the  iritis  is  associated  with  increase  of 
tension.  In  both  conditions  the  iris  may  be  altered  in  brightness 
or  color.  The  presence  of  posterior  synechia  should  point  at  once 
to  iritis,  but  it  may  be  difficult  to  decide  whether  or  not  any  are 
present  without  dilating  the  pupil ; and  if  the  case  is  one  of  primary 
glaucoma,  it  is  very  desirable  not  to  use  a mydriatic.  In  glaucoma 
there  will  not  be  so  much  ciliary  injection  and  photophobia  as  in 
iritis.  The  anterior  chamber  will  be  shallow,  while  in  iritis  it 
will  be  of  normal  depth,  or  possibly  deeper  than  normal,  with 
dotted  opacities  on  the  back  of  the  cornea  ( keratitis  'punctata). 
The  history  of  the  case  may  assist  in  the  diagnosis.  In  primary 
glaucoma  a history  of  previous  attacks  of  dimness  of  sight  with 
an  appearance  of  rainbow  colors  around  lights  may  be  elicited; 
while  in  iritis  there  may  have  been  a recent  attack  of  syphilis,  or 
gonorrhoeal  arthritis,  or  previous  attacks  of  similar  inflammation 
in  the  eye  itself  or  the  fellow  eye.  Differentiation  between  these  two 
affections  is  of  importance  in  deciding  whether  to  orescribe  a 
myotic  or  a mydriatic. 

Confusion  sometimes  occurs  in  distinguishing  between  cupping 
of  the  optic  disk  due  to  glaucoma,  cupping  due  to  atrophy,  and 
cupping  the  result  of  a physiological  peculiarity. 

As  already  stated,  the  glaucomatous  cup  is  due  to  atrophy  of  the 
nerve  fibres  down  to  the  lamina  cribrosa  and  depression  backward 
of  the  lamina  cribrosa.  In  an  atrophic  cup  there  is  no  depression 
backward  of  the  lamina  cribrosa,  only  atrophy  of  the  nerve  fibres 
down  to  it. 

Both  the  glaucomatous  cup  and  the  atrophic  cup  occupy  the 
whole  area  of  the  optic  d'sa  The  latter.,  however,  has  gradually 
shelving  edges,  while  the  former  has  steep  sides  or  overhanging  edges, 
around  which  the  retinal  vessels  disappear  for  a portion  of  their 
extent 

The  physiological  cup  is  produced  by  divergence  of  the  nerve  fibres 
as  they  enter  thi  eye  after  piercing  the  lamina  cribrosa.  This  diver- 
gence occurs  sconer  or  is  more  marked  in  some  eyes  than  in  others; 
then  a cup  01  depression  is  found  in  the  head  of  the  nerve.  It  is 
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distinguished  from  the  other  two  forms  of  cupping  by  never  occupy- 
ing the  whole  area  of  the  optic  disk.  Like  a glaucomatous  cup,  it 
sometimes  has  an  overhanging  edge,  around  which  the  retinal  vessels 
are  seen  to  curl ; this  may  at  times  lead  inexperienced  observers  into 
making  an  erroneous  diagnosis,  which  can  be  avoided  by  observing 
that  only  a portion  of  the  disk  is  involved. 

The  diagnosis  between  cases  of  chronic  glaucoma,  where  the  tension 
is  not  increased  at  the  time  the  patient  is  seen,  and  cases  of  primary 
optic  atrophy,  is  not  always  easy.  Besides  the  differences  in  the 
character  of  the  cupping  of  the  nerve  just  mentioned,  pulsation  of 
the  retinal  arteries  in  the  vicinity  of  the  disk  should  be  looked  for. 
Its  presence  should  point  at  once  to  glaucoma.  If  absent,  a slight 
amount  of  pressure  should  be  made  on  the  globe  with  the  finger , to  see 
if  it  can  easily  be  evoked. 

The  character  of  the  field  of  vision  may  be  of  considerable 
assistance  in  distinguishing  between  these  two  affections.  A con- 
traction of  the  inner  part  of  the  field  is  a characteristic  symptom 
of  glaucoma.  The  field  in  both  conditions  may  be  concentrically 
contracted  or  present  sector-shaped  defects.  In  atrophy  the  fields 
for  color  will  be  contracted  out  of  proportion  to  that  for  white,  or 
there  may  be  complete  color  blindness;  while  in  glaucoma  the 
contraction  of  the  fields  for  color  is  always  concentric  with  that  for 
white,  and  color  blindness  is  met  with  only  in  the  latest  stages  of 
the  disease. 


Varieties  of  Secondary  Glaucoma. 

As  the  result  of  various  different  diseased  conditions  of  the  eye,  a 
derangement  of  the  circulation  of  the  intra-ocular  fluid  is  liable  to 
occur,  resulting  in  increased  tension. 

The  different  diseases  in  connection  with  which  secondary  glau- 
coma occurs  are  dealt  with  in  detail  in  oiher  portions  of  this  work ; 
it  is  necessary  here  only  to  enumerate  them,  and  to  point  out  the 
manner  in  which  each  interferes  with  the  circulation  so  as  to  produce 
the  glaucomatous  condition. 

Posterior  Synechise  of  Iris.  As  the  result  of  iritis,  the  pupillary 
margin  of  the  iris  may  become  adherent  to  the  lens  capsule  in  its 
entire  circumference,  a condition  spoken  of  as  annular  posterior 
synechia.  The  aqueous  humor  then  is  obstructed  in  its  passage  for- 
ward through  the  pupil  into  the  anterior  chamber.  It  accumulates 
between  the  iris  and  lens,  bowing  the  former  forward  and  producing 
the  condition  termed  iris  bombe.  At  first  this  accumulation  of  fluid 
behind  the  iris  is  compensated  for  by  escape  of  fluid  from  the  anterior 
chamber.  Ultimately  the  root  of  the  iris  comes  into  contact  with 
the  back  of  the  cornea,  so  that  not  only  is  passage  of  fluid  through 
the  pup’l  obstructed,  but  also  any  escape  through  the  spaces  of  Fon- 
tana. The  tension  then  becomes  increased. 

This  is  a form  of  secondary  glaucoma  which  is  readily  relieved 
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by  iridectomy.  When  a portion  of  the  iris  is  removed,  fluid  can  again 
pass  forward  into  the  anterior  chamber  and  the  normal  circulation 
will  be  re-established. 

Sometimes  as  the  result  of  iritis,  not  only  the  pupillary  margin,  but 
also  the  whole  of  the  posterior  surface  of  the  iris  becomes  united  to  the 
lens  capsule,  a condition  known  as  total  posterior  synechia.  Where 
this  is  present,  the  secretion  of  the  ciliary  body  is  unable  to  find  its 
way  forward  between  the  iris  and  lens.  It  accumulates  in  the  vitreous 
chamber,  increasing  the  pressure  there,  and  forcing  forward  the  lens 
and  iris.  When  the  root  of  the  latter  comes  into  apposition  with  the 
periphery  of  the  cornea,  farther  escape  of  fluid  from  the  anterior 
chamber  through  the  filtration  area  is  blocked,  and  glaucoma  becomes 
established. 

The  relief  of  tension  in  this  condition  by  iridectomy  is  not  an  easy 
matter.  It  is  very  difficult  to  remove  a piece  of  iris  which  will  allow 


Fig.  324. 


Glaucoma  secondary  to  iritis  and  the  formation  of  annular  posterior  synechia.  F)  aiu  accumulating 

in  the  posterior  chamber  has  bowed  the  iris  forward  into  contact  with  the  back  the  cornea. 

of  the  satisfactory  passage  of  fluids  forward,  so  firmly  is  it  bound 
down  and  so  frail  does  its  tissue  become. 

Anterior  Synechise  of  Iris.  The  formation  of  an  extensive  adhe- 
sion of  the  iris  to  the  scar  tissue  left  after  t perforating  ulcer  of  the 
cornea  may  prevent  passage  of  fluid  through  the  pupil,  so  that  the 
whole  anterior  chamber  becomes  obliterated.  The  aqueous  humor 
accumulates  between  the  back  of  the  iris  and  lens;  none  can  gain 
exit  from  the  eye  through  the  spaces  of  Fontana  or  through  the  lymph 
spaces  on  the  anterior  surface  of  the  iris.  The  tension  then  is  in- 
creased, as  the  result  of  which  the  recently  inflamed  and  softened 
corneal  tissue  gives  and  becomes  staphylomatous. 

A less  extensive  adhesion  of  the  iris  to  the  cornea,  which  does  not 
involve  the  entire  circumference  of  the  pupil,  may  cause  it  to  be 
so  drawn  forward  as  to  bring  its  root  into  contact  with  the  back  of  the 
cornea.  By  an  obstruction  to  the  passage  of  fluid  through  its  main 
exit  at  the"  angle  of  the  anterior  chamber,  glaucoma  is  established. 
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Such  an  obstruction  is  especially  liable  to  occur  when  a cornea  becomes 
staphylomatous,  as  an  increase  in  the  prominence  of  it  tends  to  draw 
the  iris  still  farther  forward. 

Anterior  Synechise  of  Lens  Capsule  or  Hyaloid  Membrane  of 
Vitreous.  After  the  operations  of  extraction  of  cataract,  or  discission, 
or  after  wounds  of  the  eye,  adhesions  of  the  capsule  or  portions  of 
the  vitreous  humor  to  the  cornea  are  liable  to  form.  These  struc- 
tures, normally  situated  behind  the  level  of  the  iris,  when  advanced 
in  position  in  this  way,  may  so  draw  it  forward  as  to  bring  its  root 
into  contact  with  the  back  of  the  cornea,  blocking  the  filtration  area.1 
Glaucoma  may  thus  be  produced,  even  when  iridectomy  has  been 
performed,  the  filtration  area  opposite  the  coloboma  being  blocked 
by  a small  piece  of  the  root  of  the  iris,  which  has  been  left,  or  by 
the  most  anterior  of  the  ciliary  processes.  Glaucoma  has  occurred 
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Glaucoma  secondary  to  the  formation  of  an  anterior  sy  - echia  of  the  lens  capsule  after  extraction 
of  cataract.  An  iridectomy  had  been  performed,  but  tu  the  region  of  the  coloboma  the  filtration 
area  is  blocked  by  the  anterior  of  the  ciliary  processes  Grawn  forward  by  the  adherent  capsule. 
On  the  opposite  side  the  angle  of  the  anterior  ch'*^  ber  is  blocked  by  a broad  adhesion  of  the  root 
of  the  iris. 

when  the  whole  of  the  iris  hns  escaped  through  a wound  (traumatic 
aniridia2),  the  filtration  arta  being  blocked  in  its  entire  circum- 
ference by  the  anterior  of  the  ciliary  processes,  drawn  forward  by 
reason  of  adhesion  of  the  lens  capsule  to  the  cornea. 

Wounds  of  the  Tens.  Increase  of  tension  sometimes  results  from 
swelling  of  the  lens  substance  in  its  capsule,  after  some  of  the  aqueous 
humor  has  been  admitted  to  it  through  a wound.  In  such  cases 
the  swollen  lens  seems  directly  to  press  forward  the  iris  and  close  the 
filtration  area.  The  tension  can  usually  be  relieved  by  making  a 
freer  opei  ing  in  the  capsule  and  allowing  some  of  the  lens  matter  to 
es-  ape  from  the  eye  or  into  the  anterior  chamber. 

i Transactions  of  the  Ophthalmological  Society  of  the  United  Kingdom,  1890,  vol.  x.  p.  108. 

a Ophthalmic  Review,  1891,  vol.  x.  p.  105. 


GLAUCOMA . 


549 


Increase  of  tension  may  also  occur  after  wounds  of  the  lens,  when 
there  has  been  a free  opening  made  in  its  capsule  and  some  of  the 
lens  matter  has  come  forward  and  dissolved  in  the  aqueous  humor. 


Fig.  326. 


Glaucoma  secondary  to  dislocation  of  the  lens  into  the  anterior  chamber.  The  lens  was  in  contact 
with  the  cornea,  and  the  iris  closely  pressed  forward  into  contact  with  the  periphery  of  the  cornea 
and  back  of  the  lens.  In  the  preparation  of  the  specimen  the  structures  have  fallen  slightly  apart. 
The  abrupt  bend  in  the  iris,  where  it  ceased  to  be  in  contact  with  the  cornea  and  passed  into  contact 
with  the  lens,  is  well  shown. 


After  the  operation  of  discission  for  lamellar  cataract  increased 
tension  is  of  not  uncommon  occurrence.  The  aqueous  humor  becomes 
loaded  with  the  colloid  substance  globulin,  of  which  the  lens  is  mainly 


Fig.  327. 


Glaucoma  secondary  to  traumatic  dislocation  of  ;,Lq,  >,ns.  The  displaced  lens  has  pressed  forward 
the  iris  into  contact  with  the  back  of  the  come.'.  The  iris  and  ciliary  body  where  they  were  in 
apposition  with  the  lens  are  much  atrophied.  In  the  preparation  of  the  specimen  an  obvious 
slight  alteration  in  the  position  of  the  le.'s  has  taken  place. 


composed;  it  is  then  much  less  easy  for  it  to  filter  out  of  the  eye 
than  in  its  normal  condition.  It  is  possible  also  that  bits  of  undis- 
solved lens  substance  may  become  entangled  in  the  mesh  of  the 
ligamentum  pectinatum  and  fill  up  the  spaces  contained  in  it.  In- 
creased tensim  wrought  about  in  this  way  is  always  readily  relieved 
by  a pare  con  tens  and  evacuation  of  the  lens  matter. 
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Dislocation  of  the  Lens.  Glaucoma  is  a not  infrequent  accom- 
paniment of  dislocation  of  the  lens.  Cases  are  met  with  in  which 
the  suspensory  ligament  is  deficient  in  a portion  of  its  circumference, 
and  the  remainder  so  attached  as  to  allow  the  lens  to  sway  backward 
and  forward  with  movements  of  the  head.  In  some  of  these,  when 
the  patient  hangs  his  head  down  and  the  lens  falls  forward,  the  ocular 
tension  becomes  increased,  returning,  however,  to  normal  when  he 


Fig.  328. 


raises  his  head  and  the  lens  falls  back. 

Similarly,  permanent  displacement  forward  of  the  lens  into  the 
anterior  chamber,  either  completely  or  partially,  causes  increase  of 
tension.  The  displaced  lens  fills  up  the  pupil  and  blocks  the  passage 

of  fluid  through  it.  The  aqueous 
humor  then  accumulates  in  the 
vitreous  chamber.  (Fig.  326.) 

When  the  lens  is  displaced 
backward  or  laterally  and  in- 
creased tension  results,  the  angle 
of  the  anterior  chamber  is  always 
found  closed.  The  relative  altera- 
tion in  position  of  the  lens  and 
vitreous  body  seems  to  force 
directly  forward  the  root  of  the 
iris.  (Fig.  327.) 

Serous  Cyclitis  When  the 
ciliary  body  is  inflamed,  the  fluid 
secreted  by  it  is  in  excess  and 
altered  in  character;  it  is  more 
serous  thr,n  normal,  and  is  mixed 
with  a number  of  formed  ele- 
ments, leucocytes,  and  cells  which 
have  desquamated  from  the 
secreting  surface.  The  increased 
amount  of  albumin  in  the  fluid 
makes  it  more  difficult  for  it  to  filter  out  of  the  eye.  The  formed 
elements  in  it,  as  they  pass  through  the  ligamentum  pectinatum,  get 
caught  in  the  mesh,  and,  accumulating  there,  cause  obstruction. 
(Fig.  328.) 

There  are  then  these  three  factors  which  combine  to  give  rise  to 
increased  tension  in  serous  cyclitis:  (1)  excess  of  secretion;  (2)  albu- 
minous character  of  the  aqueous  humor;  (3)  accumulation  of  inflam- 
matory cells  ii  the  spaces  of  Fontana. 

The  obstruction  to  the  circulation  of  the  fluid  being  primarily  at 
the  outlets  from  the  anterior  chamber,  and  the  albuminous  character 
of  the  fluid  making  it  difficult  for  it  to  filter  through  the  anterior 
hyaloid  membrane  into  the  vitreous,  an  accumulation  takes  place  in 
the  anterior  chamber,  which  becomes  deepened,  the  lens  and  iris 
be  ing  depressed  backward.  The  glaucoma  in  such  cases  is  treated 
best  by  repeated  paracentesis,  rather  than  iridectomy, 


Angle  of  the  anterior  chamber  in  an  eye  which 
had  glaucoma  secondary  to  serous  iridocyclitis. 
It  shows  wide  separation  of  the  root  of  the  iris 
from  the  back  of  the  cornea,  but  an  accumu- 
lation of  inflammatory  cells  on  the  inner  surface 
of  Descemet’s  membrane  and  in  the  mesh  of 
the  ligamentum  pectinatum. 
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Intra-ocular  Tumors.  A tumor  growing  forward  from  the  retina, 
or  beneath  the  retina  from  the  choroid,  tends  to  increase  the  pressure 
in  the  vitreous  chamber.  This  may  for  a time  be  compensated  for 
by  an  increased  escape  of  fluid  from  the  vitreous  into  the  anterior 
chamber,  and  an  increased  escape  from  the  eye.  Gradually  the 
vitreous  becomes  so  compressed  that  fluid  is  less  and  less  easily  pressed 
out  of  it.  The  tension  then  in  the  vitreous  chamber  becomes  greater 
than  in  the  anterior,  the  lens  and  iris  are  pushed  forward  until  the 
root  of  the  latter  comes  in  contact  with  the  filtration  area  in  the 
cornea,  and  a permanent  block  to  the  escape  of  fluid  from  the  eye 
is  established.  (Fig.  329.) 

In  a case  of  sarcoma  of  the  iris  or  ciliary  body,  which  has  caused 
increase  of  tension,  it  will  generally  be  found  that  the  spaces  of  Fon- 
tana contain  cells  similar  in  character  to  those  of  the  growth.  They 
are,  naturally,  most  numerous  in  the  part  in  the  vicinity  of  the 
growth,  but  may  also  be  met  with  in 
parts  quite  remote  from  it.  The 
angle  of  the  anterior  chamber  may 
also  be  found  closed,  by  the  root  of 
the  iris  having  been  directly  pushed 
forward  by  the  growth,  or  by  thick- 
ening of  the  root  of  the  iris  by  the 
growth  itself. 

Epithelial  Cysts  in  the  Anterior 
Chamber.1  When  an  opening  has 
been  made  into  the  anterior  cham- 
ber, either  by  an  operation  or  acci- 
dentally, some  of  the  surface  epi- 
thelium may  be  implanted  or  spread 
along  the  wound  into  the  anterior 
chamber.  The  epithelium,  subse- 
quently forming  a cyst  which  fills 
the  whole  anterior  chamber,  obstructs  the  passage  ol  aqueous  humor 
into  it,  and  causes  increase  of  tension. 

Detachment  of  the  Retina.  Glaucomd  sometimes  comes  on  in 
eyes  with  simple  detachment  of  the  reti  la.  When  this  is  the  case,  the 
presence  of  an  intra-ocular  growth  is  generally  suspected,  and  often 
it  is  not  until  the  removal  of  the  eye  That  it  is  ascertained  definitely 
that  the  condition  is  one  of  simple  detachment.  The  extent  of  the 
detachment  is  usually  great,  and  the  vitreous  much  shrunken.  Some 
hemorrhage  or  serous  effusion  into  the  subretinal  space  forces  forward 
the  lens  and  iris,  blocking  the  angle  of  the  anterior  chamber,  much  in 
the  same  way  as  in  the  case  of  an  intra-ocular  growth. 

Thrombosis  of  the  Retinal  Veins.  The  condition  which  is  com- 
monly spoken  of  as  'hemorrhagic  retinitis”  is  probably  in  most 
cases' clue  to  thn  mbosis  of  the  central  retinal  vein;  it  may  sometimes 


Fig.  329. 


Glaucoma  secondary  to  rr  slant  tie  sar- 
coma of  the  ciliary  body.  The  lens  is 
shown  directly  pressed  'orward  by  the 
growth.  The  angle  of  luo  anterior  cham- 
ber is  closed  by  contact  the  root  of  the 
iris  and  cornea. 


1 Transacts  ms  ol'  the  Ophthalmological  Society  of  the  United  Kingdom,  1892,  vol.  xii.  p.  175. 
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be  the  precursor  of  an  attack  of  glaucoma.  The  symptoms  of  the 
attack  resemble  those  of  a case  of  primary  glaucoma,  from  which 
it  can  only  be  distinguished  by  the  presence  of  numerous  hemor- 
rhages scattered  over  the  retina,  and  the  enlargement  of  the  retinal 
veins. 

Thrombosis  of  the  retinal  vein  is  mostly  met  with  in  elderly  people, 
and  may  exist  without  any  increase  of  ocular  tension. 

It  seems  probable  that  it  is  only  in  those  eyes  which  are  struc- 
turally predisposed  that  glaucoma  is  set  up,  increase  of  pressure  in 
the  vitreous  chamber  being  the  exciting  cause.  The  venous  engorge- 
ment and  serous  effusion  into  the  retina,  together  with  the  serous 
effusion  into  the  vitreous  which  follows  thrombosis,  cause  this 
increase  of  pressure.  In  such  cases  the  iris  and  lens  are  pressed 
forward  and  the  angle  of  the  anterior  chamber  closed.  It  is  a con- 
dition which  it  is  very  necessary  to  differentiate  from  primary  glau- 
coma, because  operative  procedures  on  such  eyes  are  followed 
frequently  by  extensive  and  disastrous  hemorrhage. 

Where  possible,  operations  in  such  cases  should  be  avoided,  pref- 
erence being  given  to  treatment  with  myotics.  If  an  operation 
becomes  urgently  necessary,  a paracentesis  or  sclerotomy  should  be 
performed,  the  escape  of  fluid  and  lowering  of  tension  being  effected 
as  gradually  as  possible. 

Congenital  Aniridia  and  Coloboma  of  the  Iris.  That  glaucoma 
can  supervene  when  there  is  apparently  entire  congennai  absence, 


Fig.  330. 


Congenital  aniridia  in  which  glaucoma  followed  on  a perforating  ulcer  of  the  cornea.  The  angle 
of  the  anterior  chamber  is  she  wn  blocked  by  a very  rudimentary  iris,  which  was  so  small  as  not  to 
be  visible  clinically.  It  has  become  adherent  to  the  back  of  the  cornea. 


or  a colobome  of  the  iris,  seems  at  first  wholly  out  of  keeping  with 
the  fact  that  an  iridectomy  is  the  most  effective  treatment  for  the 
relief  of  tension.  Several  cases  of  glaucoma,  both  primary  and 
secondary,  in  association  with  these  defects  have  been  recorded.1 
(Fi?.  530.)  Pathological  examination  of  eyes  with  these  defects  has 

1 Ophthalmic  Review,  1891,  p.  101;  Transactions  of  the  Ophthalmological  Society  of  the  United 
Kingdom,  1893,  vol.  xiii.  p.  128. 
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shown  that  the  ciliary  body  really  ends  in  a small  rudimentary  iris, 
which,  though  not  of  sufficient  length  to  render  it  visible  beyond 
the  sclerocorneal  margin,  is  of  sufficient  size  when  pressed  forward 
to  block  the  filtration  area.  In  two  cases  where  increased  tension 
was  present  the  rudimentary  iris  was  actually  found  blocking  the 
filtration  area. 

There  is  reason  to  believe  that  cases  with  congenital  defects  of  the 
iris  may  be  predisposed  to  glaucoma.  Strands  of  tissue  have  been 
found  stretching  from  the  anterior  surface  of  the  defective  iris  to 
the  ligamentum  pectinatum,  showing  a congenitally  imperfect  sepa- 
ration of  these  structures. 

Congenital  Glaucoma,  or  Primary  Buphthalmos. 

Enlargement  of  the  cornea,  and  the  production  of  a condition  re- 
sembling a bullock’s  eye,  may  occur  as  the  result  of  increased  intra- 
ocular tension  in  children,  in  whatever  way  that  increase  is  brought 
about. 

There  is  a form  of  buphthalmos  that  is  not  the  result  of  any 
obvious  precedent  disease,  and  that  may  be  termed  primary.  In 
many  such  cases  a definite  history  of  the  symptoms  dating  from 
birth  can  be  obtained,  and  probably  so  in  all,  the  symptoms  in  some 
at  first  being  so  slight  as  to  escape  observation. 

The  increase  of  tension  is  unaccompanied  by  injection  or  other 
acute  symptoms.  The  enlargement  of  the  globe  continues  steadily 
without  pain.  It  is  not  only  the  cornea  that  is  increased  in  size, 
but  the  whole  eyeball  in  all  its  meridians  as  well. 

The  measurements  of  the  eye  of  a boy,  aged  four  years,  which 
was  affected  in  this  way,  were:  antero-posteriorly  28  mm  . vertically 
26.5  mm.,  while  the  diameter  of  the  cornea  was  14.5  mm.  Besides 
having  its  diameters  increased,  the  cornea  becomes  n icre  convex  and 
globular  in  shape.  ... 

The  stretching  of  the  cornea  and  sclerotic  occasions  thinning  in 
the  latter.  This  thinning  allows  of  the  pigment  of  the  uveal  tract 
being  seen  through,  so  that  it  appears  of  a bluish-gray  color. 

The  anterior  chamber  becomes  very  deep,  and  the  iris  is  often 
tremulous  on  movements  of  the  eye.  from  weakening  of  the  suspensory 
ligament  or  fluidity  of  the  vitreous  behind  it.  Ophthalmoscopically, 
the  optic  disk  is  found  deeply  cupped. 

In  some  cases  the  increased  tension  persists,  and  failure  of  sight 
steadily  progresses  until  the  eye  becomes  quite  blind.  In  others,  a 
spontaneous  relief  of  tension  occurs,  and,  although  the  eye  remains 
permanently  enlarged,  there  is  no  further  increase  in  size  or  deterio- 
ration of  sight.  . 

A congenital  malformation1  in  the  channels  of  exit  of  fluid  from 

■ Treacher  Co’lir.s,  Researches  into  the  Anatomy  and  Pathology  of  the  Eye,  p.  104.  F.  R.  Cross, 
Transactions  oi  the  C >ntbalinological  Society  of  the  United  Kingdom,  vol.  xvi.  p.  304. 
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the  eye  is  the  probable  cause  of  the  increase  of  tension  in  these  cases. 
In  some  a congenital  adhesion,  or,  rather,  failure  in  separation  of 
the  periphery  of  the  iris  and  back  of  the  cornea,  has  been  found,  in 
some,  strands  of  tissue  about  the  angle  of  the  anterior  chamber,  sug- 
gestive of  adhesions  which  had  become  stretched  and  broken  down 
by  the  collection  of  fluid  in  the  anterior  chamber,  which  forced  back- 
ward the  iris  and  forward  the  cornea.  Such  a breaking  down  of 
congenital  adhesions  which  at  one  time  existed,  explains  the  cases 
in  which  spontaneous  relief  of  tension  occurs.  In  other  cases  the 
canal  of  Schlemm  was  stated  to  be  congenitally  absent. 

The  operations  of  iridectomy  and  sclerotomy  in  these  cases  fre- 
quently fail  to  relieve  tension  or  to  check  the  expansion  of  the  globe, 


Fig.  331. 


The  angle  of  the  anterior  chamber  in  a case  of  congenial  glaucoma  or  primary  buphthalmos. 
Showing  a congenital  adhesion  of  the  root  of  the  iris  to  th  1 b i.ck  of  the  cornea.  The  rest  of  the  iris 
is  widely  separated  from  the  cornea,  the  anterior  chamber  having  been  very  deep. 


and  are  attended  with  greater  risk  than  in  cases  of  glaucoma  in  the 
adult. 

The  expansion  of  the  globe  causes  stretching  and  weakening  of 
the  suspensory  ligament  of  the  lens,  which  renders  it  very  liable  to 
rupture  on  the  escape  of  aqueous  from  the  deepened  anterior  cham- 
ber. Dislocation  of  ti  e lens  or  loss  of  vitreous,  which  is  usually  of 
a fluid  consistency;  are  complications,  therefore,  likely  to  occur. 

Repeated  paracentesis  and  the  use  of  myotics  have  been  employed 
as  alternative  measures,  and,  although  attended  with  less  danger, 
are  frequently  equally  unsuccessful  in  checking  the  progress  of  the 
affection. 

The  appearances  of  some  of  the  eyes,  which  have  been  removed  for 
this  condition,  suggest  that  the  adherent  tags  of  tissue  about  the  root 
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of  the  iris  might  be  disengaged  or  incised  by  the  point  of  a knife 
passed  into  the  extreme  angle  of  the  chamber.  Such  an  operation 
has  been  practised  by  Vincenti1  for  glaucoma  in  the  eyes  of  older 
people. 

Pathogenesis  of  Primary  Glaucoma. 

The  whole  sequence  of  events  which  result  in  the  production  of 
increased  tension  in  primary  glaucoma  is  by  no  means  so  obvious  as 
in  some  of  the  secondary  forms  of  the  affection.  It  is  needless  here 
to  enter  into  the  numerous  theories  which  have  been  suggested  as  to 
the  origin  of  this  disease,  many  of  which,  with  the  growth  of 
knowledge  respecting  the  intra-ocular  circulation,  have  been  shown 
to  be  untenable. 

Any  increase  of  secretion  into  the  eye  is  compensated  for  by  an 
increased  outflow,  so  that  no  theory  of  the  pathogenesis  of  glaucoma 
based  on  an  increased  secretion  alone  can  be  accepted.  We  must 
look  to  the  channels  of  exit  of  fluid  from  the  eye  for  some  obstruc- 
tion to  account  for  the  increased  intra-ocular  pressure. 

As  pointed  out  by  Max  Knies  and  Weber,  the  filtration  area  at 
the  angle  of  the  anterior  chamber  in  primary  glaucoma  is  found 
obstructed  by  apposition  or  adhesion  of  the  root  of  the  iris  to  the 
periphery  of  the  cornea,  the  iris  apparently  being  pushed  forward 
by  pressure  of  the  ciliary  processes  against  its  root. 

If  a block  to  the  exit  of  fluids  from  the  eye  at  the  angle  of  the 
anterior  chamber  is  the  primary  cause  of  glaucoma,  we  should 
expect  to  meet  with  an  accumulation  of  aqueous  humor  and  a deepen- 
ing of  the  anterior  chamber.  Instead  of  this,  we  find  the  anterior 
chamber  shallowed,  the  shallowness  often  preceding  the  onset  of 
increased  tension. 

Priestley  Smith  has  met  this  difficulty  by  suggesting  that  there  is 
at  first  an  accumulation  of  fluid  in  the  vitreous  chamber,,  due  to 
obstruction  at  the  circumlental  space,  which  causes  the  lens,  iris,  and 
ciliary  processes  to  be  pressed  forward.  He  has  shown  that  changes 
which  predispose  to  narrowing  of  the  circumlental  space  predispose 
to  glaucoma.  It  will  be  well  here  to  quote  his  words  in  which  he 
sums  up  his  views  on  this  matter:2 

“ Primary  glaucoma  appears  usuallv  to  depend  on  some  vascular 
disturbance  which  congests  the  uveal  tract,  or  upon  a faulty  relation 
of  the  lens  to  the  parts  around  h or  upon  both.  If  the  patient  be 
elderly,  we  know  that  the  lens  is  relatively  large.  If  the  cornea  be 
small,  we  may  infer  that  the  whole  eyeball  is  small,  and  that  the  rela- 
tions of  the  lens  are  such  as  to  predispose  to  compression  of  the 
filtration  angle,  especially  during  dilatation  of  the  pupil.  An  obstruc- 
tion in  the  region  of  the  hyaloid  and  the  circumlental  space,  which 
checks  the  escape  o<*  surplus  fluid  from  the  vitreous  and  leads  to  an 


i £ evue  g6n6rale  d’Oph.,  November  30,  1894. 

- > orrig  and  Oliver,  System  of  Diseases  of  the  Eye,  vol.  iii.  p.  656. 
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advance  of  the  lens,  appears  to  be  present  in  many  cases.  Slackness 
of  the  zonular,  with  consequent  instability  of  the  lens,  is  probably  a 
contributory  cause.  Through  one  or  other  of  these  causes,  or  several 
in  combination,  the  ciliary  processes  are  pressed  against  the  iris,  and 
the  filtration  angle  is  narrowed  or  closed.” 

Panas,  Jonnesco,  and  others  look  for  an  explanation  of  the  increased 
tension  in  glaucoma  to  some  disturbance  in  the  controlling  action  of 
the  nervous  system  on  the  intra-ocular  pressure.  As  already  stated, 
our  knowledge  of  this  controlling  action  is  at  present  incomplete. 

The  reduction  of  tension  in  glaucoma  which  Jonnesco  has  been  able 
to  effect  by  resection  of  the  superior  cervical  sympathetic  ganglion 
has  led  him  to  formulate  the  theory  that  glaucoma  is  due  to  peripheral 
or  central  irritation,  either  permanent  or  intermittent,  of  the  ocular 
sympathetic  fibres  which  pass  through  it.  The  effects  on  the  eye  of 
such  irritation  have  been  mentioned.  The  dilatation  of  the  pupil, 
which  is  thereby  produced,  might  alone,  in  an  eye  with  a shallow 
anterior  chamber  and  predisposed  to  glaucoma,  be  sufficient  to  bring 
on  increase  of  tension,  just  as  atropine  mydriasis  sometimes  does. 

The  influence  which  emotional  disturbances  sometimes  have  in  the 
production  of  glaucoma  may  possibly  in  this  way  find  an  explanation. 

Treatment  of  Primary  Glaucoma. 

Fifty  years  ago  glaucoma  was  an  incurable  disease.  Until  von 
Graefe  introduced  the  treatment  of  it  by  iridectomy  in  1856,  no  means 
which  would  afford  permanent  relief  was  known. 

In  1876  the  next  most  valuable  method  for  the  reduction  of  in- 
creased tension,  viz. : the  use  of  myotics,  was  suggested  by  Laqueur,  of 
Strasburg. 

These  two  chief  forms  of  treatment,  togethei  v xth  other  procedures 
for  the  reduction  of  tension,  will  now  be  individually  described,  and 
afterward  their  clinical  application. 

Iridectomy  or  Iridectomy  dialysis.  The  way  in  which  an  iridectomy 
relieves  tension  in  primary  glaucoma  has  been  the  source  of  much 
discussion.  The  pathological  examination  and  comparison  of  eyes  in 
which  it  has  proved  successful  with  those  in  which  it  has  failed,  have 
thrown  much  light  on  this  matter.1 

Several  eyes  have  bem  examined  in  which  an  iridectomy  suc- 
cessfully relieved  the  tension  in  glaucoma  and  subsequently  had  to 
be  removed  for  some  intercurrent  malady.  In  these  eyes  either  the 
obstructed  passage  for  the  exit  of  fluid  at  the  angle  of  the  anterior 
chamber  was  found  opened  up,  or  a new  channel  of  exit  had  been 
established  bv  the  formation  of  what  is  termed  a cystoid  cicatrix. 
(Fig.  332 ) 

The  cotnmg  up  of  the  filtration  area  at  the  angle  of  the  anterior 
chamber  had  in  some  of  the  cases  been  effected  by  removal  of  the 


1 Royal  London  Ophthalmic  Hospital  Reports,  1891,  vol.  xiii.  p.  166. 
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obstructing  iris  up  to  its  point  of  junction  with  the  ciliary  body,  in 
the  vicinity  of  the  wound.  In  others,  although  a portion  of  the  root 


Fig.  332. 

• . * v 

Section  through  the  centre  of  the  coloboraa  in  an  eye  which  had  had  an  iridectomy  performed 
for  glaucoma  of  two  months’  standing.  The  tension  was  relieved  by  the  operation.  The  eye  was 
excised  five  weeks  later  for  ulceration  of  the  cornea.  The  iris  has  been  removed  up  to  the  ciliary 
body  and  the  angle  of  the  anterior  chamber  thereby  opened  up. 


Fig.  333. 

Section  through  a cystoid  cicatrix,  v hich  formed  at  the  angle  of  a coloboma  in  an  eye  in  which 
glaucoma  came  on  after  extraction  jf  cataract.  It  shows  a fistula  in  the  sclerocorneal  tissue  lined 
by  a fold  of  atrophied  iris.  The  subconjunctival  tissue  around  the  fistula  is  swollen. 

had  been  left,  it  became  dislodged  from  its  faulty  position.  Evi- 
dently in  such  ^ases  sufficient  time  had  not  elapsed  for  it  to  become 
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adherent  to  the  cornea.  The  drag  on  the  iris,  escape  of  aqueous,  and 
consequent  relief  of  pressure  in  the  vitreous  chamber,  together  with 
the  local  escape  of  blood,  had  sufficed  to  restore  the  normal  channels 
for  the  circulation  of  fluid.  (Fig.  333.) 

When  a cystoid  cicatrix  is  present,  a fistula  is  established  in  the 
fibrous  tissue  at  the  sclerocorneal  margin,  through  which  fluid  may 
pass  from  the  anterior  chamber  into  the  subconjunctival  tissue  and  be 
absorbed  there  by  the  conjunctival  vessels.  The  tissue  around  the 
fistula  is  found  usually  in  a boggy  condition. 

The  fistula  results  from  prolapse  of  a fold  of  iris,  which  prevents 
the  two  sides  of  the  wound  in  the  fibrous  tissue  of  the  sclera  and 
cornea  from  uniting,  but  over  which  the  conjunctiva  heals.  At  first 


Fig.  334. 


Section  through  a cystoid  cicatrix  which  formed  after  an  i’  idectomy  for  chronic  glaucoma.  The 
tension  remained  normal  for  a year ; the  eye  was  then  e^v  ’.sed  on  account  of  iritis  and  pain . A fistula 
in  the  sclerocorneal  tissue  is  shown,  lined  partly  by  the  «',rophied  root  of  the  iris,  and  partly  by  the 
ciliary  processes.  The  subconjunctival  tissue  around  tLe  fistula  is  swollen. 


the  iris  tissue  lining  such  tract  offers  an  impediment  to  the  passage 
of  fluid  out  of  the  eye;  but  being  a weak  spot  in  the  globe,  it  tends 
to  bulge,  and  the  iris  lining  it  atrophies,  until  ultimately  a fistula  is 
established.  (Fig.  334.) 

A cystoid  condition  of  a cicatrix  after  iridectomy  appears  most 
often  at  the  angle  of  the  coloboma — i.  e .,  the  position  where  the  pro- 
lapse of  a fold  of  iris  is  most  likely  to  occur. 

Although  the  production  of  such  a condition  may  prove  beneficial 
in  relieving  tension,  it  is  one  which  is  attended  with  a certain  amount 
of  risk.  What  is  practically  an  adhesion  between  the  conjunctiva 
and  iris  being  formed,  any  inflammation  of  the  former  readily  spreads 
to  ,he  latter,  and  is  liable  to  start  a general  uveitis. 
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An  iridectomy  fails  to  relieve  tension  in  primary  glaucoma  when 
the  normal  passages  for  the  exit  of  fluid  from  the  eye  remain  unopened 
up,  and  no  new  channel  is  formed. 


Section  through  the  centre  of  the  coloboraa  in  an  eye  with  absolute  glaucoma  which  had  had  an 
iridectomy  performed,  and  in  which  the  increased  tension  subsequently  returned.  It  shows  the 
cicatrix  to  be  a very  peripheral  one  and  free  from  any  entanglement  of  the  iris.  The  angle  of  the 
anterior  chamber  remains  blocked  by  a portion  of  the  root  of  the  iris,  intimately  adherent  to  the 
cornea. 


Fig.  336. 


Section  through  the  centre  of  the  coloL^m ■«.  in  au  eye  which  had  had  an  iridectomy  performed  for 
subacute  glaucoma,  and  in  which  the  increased  tension  had  subsequently  returned.  It  shows  that 
a large  portion  of  the  periphery  of  ii-°  ?ris  had  been  left  blocking  the  infiltration  area.  The  cut  end 
of  the  iris  is  adherent  to  the  rne  il  < icatrix.  It  looks  as  though  the  root  of  the  iris  might  have 
been  torn  away  much  neart'  up  tu  the  ciliary  body.  Probably  a simple  iridectomy  was  performed, 
not  an  iridectomydialysis. 


' The  normal  f assages  for  the  exit  of  fluid  at  the  angle  of  the  anterior 
chamber  art  unopened  up: 
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1.  When  the  root  of  the  iris  has  become  so  intimately  adherent  to 
the  back  of  the  cornea  that  on  being  drawn  upon,  instead  of  tearing 
at  its  extreme  root,  it  tears  through  at  the  point  where  it  ceases  to 
be  adherent,  and  the  portion  causing  obstruction  is  left  behind. 
(Fig.  336.) 

2.  When  by  reason  of  the  way  in  which  the  iridectomy  has  been 
performed  a portion  of  its  root  is  left  behind,  which,  though  not 
adherent  to  the  cornea,  has  failed  to  become  dislodged  from  its  faulty 
position.  (Fig.  337.) 

3.  When  by  reason  of  delayed  reformation  of  the  anterior  chamber 
the  lens  becomes  united  to  the  posterior  surface  of  the  wound  by 
plastic  exudation  thrown  out  from  the  latter.  Then,  when  the 


Fig.  337. 


Section  through  the  centre  of  the  coloboma  in  an  eye  whic''  had  had  an  iridectomy  performed  for 
absolute  glaucoma.  An  adhesion  of  the  lens  capsule  to  *uv.  posterior  surface  of  the  cornea  in  the 
region  of  the  cicatrix  is  shown.  The  lens  has  become  somewhat  displaced  backward  in  the  prepara- 
tion of  the  specimen.  The  angle  of  the  anterior  chriroer  is  closed  by  the  anterior  of  the  ciliary 
processes,  which  have  been  pressed  forward  by  the  adherent  lens. 

anterior  chamber  does  reform,  the  lens  becomes  drawn  forward,  its 
adherent  margin  pressing  the  anterior  of  the  ciliary  processes  into 
contact  with  the  filtration  area  in  the  region  of  the  coloboma. 

In  the  absence  of  prolapse  of  a fold  of  iris,  no  fistula  and  no  new 
channel  of  exit  for  fluid  are  produced.  From  the  foregoing,  it  is  ob- 
viously desirable  in  performing  an  iridectomy  for  glaucoma  to  try 
to  remove  the  extreme  periphery  of  the  iris  up  to  its  point  of  junction 
with  the  ciliary  body.  Fortunately  it  is  at  this  spot  that  the  iris  is 
thinnest,  ana  it  is  here  that  it  is  most  likely  to  tear  through  when 
drawn  upon,  unless  abnormally  adherent. 

In  performing  an  iridectomy  for  glaucoma,  after  an  incision  of  the 
sclerocorneal  margin  has  been  made,  the  iris  should  be  drawn  ou£ 
and  snipped  through  from  its  pupillary  to  its  ciliary  margin  at  one 
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angle  of  the  wound.  It  should  then  be  drawn  along  the  whole  length 
of  the  wound,  so  as  to  tear  it  away,  and,  finally,  cut  through  again  at 
its  further  extremity.  This  method  of  performing  an  iridectomy  is 
very  different  from  that  adopted  preliminary  to  the  removal  of  a 
cataract  or  to  form  an  artificial  pupil.  For  these  purposes  a piece 
of  iris  is  simply  drawn  out  of  the  wound  and  snipped  off. 

To  distinguish  the  two  methods  of  performing  the  operation,  the 
one  from  the  other,  it  is  well  to  term  the  first  an  iridectomydialysis, 
and  the  latter  simple  iridectomy. 

Anterior  Sclerotomy.  Anterior  sclerotomy  of  de  Wecker  is  per- 
formed by  entering  a Graefe  knife  1 mm.  external  to  the  corneal 
margin,  carrying  it  across  the  anterior  chamber,  and  bringing  it  out 
equidistant  on  the  opposite  side.  The  points  of  entrance  and  exit 
are  planned  as  if  a flap  2\  mm.  high  were  about  to  be  cut.  After  the 


Fig.  338. 


Section  through  the  angle  of  the  anterior  chamber  of  an  eye  with  absolute  glaucoma,  upon  which 
an  experimental  anterior  sclerotomy  was  performed,  2 mm.  distant  from  the  sol  ^rocorneal  margin, 
immediately  after  enucleation.  It  shows  that  the  periphery  of  the  iris  nai  ueen  divided  in  two 
places,  the  knife  having  passed  through  the  adherent  root  of  iris  into  the  rior  chamber. 


knife  is  inserted,  it  is  drawn  backward  and  t wward  with  a sawing 
motion,  but  is  taken  out  before  a flap  l as  been  completely  cut.  A 
bridge  of  tissue  is  left  between  the  two  cuts,  composed  of  conjunctiva 
and  part  of  the  sclerotic.  Prolapst  ef  iris  very  frequently  follows 
the  operation,  and  it  is  recommended  that  any  tendency  to  it  should 
be  counteracted  by  the  use  of  e^erine  before  and  after  the  operation. 

The  operation  is  designed  to  form  a cicatrix  at  the  sclerocorneal 
margin,  without  the  removal  of  any  iris.  Its  value  in  producing  a 
permanent  relief  of  ten&b  n in  primary  glaucoma  has  proved  to  be 
far  inferior  to  iridectomy,  and  the  results  obtained  by  it  are  very 
uncertain. 

Experimental’ v and  pathologically  it  has  been  shown  that  a mere 
band  of  cicatri  ;ial  tissue  at  the  sclerocorneal  margin  does  not  allow 
of  filtration  of  fluid  through  it. 

30 
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When  prolapse  of  a fold  of  iris  follows  a sclerotomy,  a fistula  and 
cystoid  condition  of  the  cicatrix  may  be  formed,  as  after  iridectomy. 
In  this  way  an  artificial  channel  for  exit  of  fluid  will  be  formed  and 
the  tension  relieved. 

In  an  eye  which  had  been  enucleated  for  absolute  glaucoma  this 
operation  was  performed  immediately  afterward.  Sections  subse- 
quently made  through  the  seat  of  operation  showed  that  at  the  points 
of  puncture  and  counter-puncture  the  root  of  the  iris  had  been  divided 
in  two  places.  (Fig.  338.)  The  knife  had  passed  from  the  sclerotic 
through  the  iris  just  where  it  ceased  to  be  adherent  to  the  cornea  into 
the  posterior  chamber,  and  then  through  the  iris  again  into  the  ante- 
rior chamber.  By  cutting  across  the  adherent  root  of  the  iris  in  this 
way  the  operation  may  possibly  open  up  a passage  for  fluid  from 
the  posterior  chamber  into  the  spaces  of  Fontana. 

An  operation  termed  iridosclerotomy  or  scleroiritomy,  in  which 
the  adherent  root  of  the  iris  is  intentionally  cut  through,  has  been 
practised  by  Knies  and  Nicati. 

Scleral  Puncture  of  Posterior  Sclerotomy.  Posterior  sclerotomy 
is  not  an  operation  from  which  alone  permanent  relief  of  tension 


Fig.  339. 


Section  of  an  eye  upon  which  a posterior  sclerotomy  was  performed  for  glaucoma,  and  which  sub- 
sequently became  much  ini  amed.  The  gap  in  the  coats  of  the  eye  is  shown,  with  a tag  of  vitreous 
humor,  much  infiltrated,  with  round  cells  prolapsing  through  it.  The  prolapsed  vitreous  evidently 
formed  the  track  along  which  infection  gained  entrance  to  the  eye. 

may  be  expected.  It  may,  however,  in  certain  cases,  be  advanta- 
geously employed  to  produce  a temporary  effect,  or  as  a preliminary 
procedure  to  iridectomy. 

The  puncture  is  made  with  a Graefe  knife,  which  is  inserted  in 
such  a way  as  to  make  an  opening  meridianal  to  the  corneal  margin ; 
for  in  such  a wound  there  is  less  tendency  to  gape  than  in  one  made 
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parallel  to  its  margin,  and  the  choroidal  vessels  and  nerves,  which 
run  for  the  most  part  antero-posteriorly,  are  less  likely  to  be  divided. 
A spot  is  chosen  for  the  operation  on  the  surface  of  the  globe, 
behind  the  ciliary  body  and  between  the  recti  muscles,  usually  up 
and  out,  6 mm.  or  more  posterior  to  the  corneal  margin.  Before 
inserting  the  knife  the  conjunctiva  is  drawn  with  fixation  forceps  a 
little  to  one  side,  so  that  on  conclusion  of  the  operation  the  opening 
in  it  and  in  the  walls  of  the  globe  shall  not  coincide  in  position.  In 
withdrawing  the  knife  it  is  given  a half-turn,  which  makes  the  wound 
gape  and  allows  of  escape  of  the  fluid. 

The  hemorrhage  which  results,  both  intra-ocular  and  extra-ocular, 
is  usually  insignificant  in  amount.  A prolapsed  portion  of  the  vitreous 
humor  (Fig.  339)  in  the  wound  has  been  known  to  form  the  track 
along  which  septic  infection  gained  entrance  into  the  eye.  The 
escape  of  fluid  from  the  vitreous,  the  immediate  result  of  the  operation, 
allows  of  diminution  of  pressure  in  the  vitreous  chamber  and  the 
recession  of  the  lens  and  iris,  with  increase  in  the  depth  of  the  anterior 
chamber.  For  a short  while  after  the  operation  fluid  may  continue 
to  ooze  from  the  wound.  Soon,  however,  it  commences  to  heal, 
further  drainage  is  arrested,  and  the  tension  again  becomes  increased. 

In  posterior  sclerotomies  performed  experimentally  on  rabbits, 
the  wound  was  found  to  be  closed  and  any  outflow  of  fluid  checked 
on  the  eighth  day  (Tobler1). 

Paracentesis.  Paracentesis  of  the  anterior  chamber  is  another 
operative  measure  which  affords  a temporary  relief  of  tension,  and 
which  may  sometimes  be  employed  in  cases  of  emergency.  As  soon 
as  sufficient  time  has  elapsed  for  a fresh  secretion  of  the  intra-ocular 
fluid  to  accumulate,  the  tension  becomes  re-established.  The  amount 
of  relief  is  greatest,  and  lasts  longest,  when  the  anterior  chamber  is 
deep  and  a large  amount  of  fluid  can  be  evacuated,  as  in  cases  ol 
glaucoma  secondary  to  serous  iridocyclitis. 

Removal  of  the  Superior  Cervical  Ganglion  of  tto  Sympathetic. 
Removal  of  the  superior  cervical  ganglion  of  the  sympathetic  has 
been  shown  by  Jonnesco,  of  Bucharest,  to  be  an  operation  capable  of 
reducing  the  tension  in  glaucoma.  The  results  of  the  operation 
in  eight  cases  he  summarized  as  follows . 

1.  Immediate  and  lasting  reduction  of  tension. 

2.  Marked  and  permanent  contraction  of  the  pupil,  even  in  the 
cases  in  which  iridectomy  had  been  previously  performed. 

3.  Absence  of  frontal  headache. 

4.  Disappearance  of  the  attacks  of  irritative  glaucoma. 

5.  Considerable  permanent  improvement  in  vision  in  all  cases  in 
which  complete  atrophy  of  the  nerve  had  not  set. in. 

In  other  surgeons'  hands,  though  the  operation  has  sometimes 
been  attended  with  success,  disastrous  results  have  also  occurred. 
Some  patients  have  died  as  the  result  of  the  operation.  In  others 


1 Archives  of  Ophthalmology,  March,  1901. 
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there  have  been  marked  flushing  of  the  side  of  the  head  and  face  and 
severe  pain  after  the  operation.  The  increased  tension,  although  for 
a time  reduced,  has  returned  in  some  cases.  Symptoms  of  tachy- 
cardia and  exophthalmos  have  also  developed.1 

The  ganglion  can  be  reached  either  by  an  incision  made  along  the 
anterior  or  the  posterior  border  of  the  sternomastoid  muscle.  The 
former  is  the  simpler  and  causes  less  injury.  Jonnesco  recommends 
that  the  carotid  sheath  be  opened,  the  vein  separated  from  the 
artery,  and  the  ganglion  found  behind  it.  Burghard  says  he  has 
found  it  much  simpler  to  expose  the  outer  edge  of  the  carotid  sheath, 
and  then,  with  a blunt  hook,  to  pull  the  sheath  and  its  contents 
inward  toward  the  median  line,  when  the  ganglion  is  at  once  exposed. 
It  is  then  drawn  forward  with  forceps  and  cut  out  with  scissors. 

Myotics.  Neither  myotics  nor  mydriatics  dropped  into  a normal 
eye  produce  any  alteration  in  the  tension  which  is  appreciable  by  the 
finger  test.  Atropine  dropped  into  an  eye  with  a shallow  chamber 
anil  predisposed  to  glaucoma,  as  already  stated,  may  bring  on 
increased  tension.  Eserine  in  many  cases  of  primary  glaucoma  will 
reduce  the  tension  to  normal. 

These  drugs  influence  tension  appreciably  only  when  the  anterior 
chamber  is  shallow,  where  an  increased  or  diminished  thickness  of 
the  iris  is  capable  of  causing  apposition,  or  withdrawal  of  apposition, 
of  its  root  with  the  back  of  the  cornea. 

In  acute  cases  of  glaucoma,  where  the  sphincter  muscle  of  the  iris, 
from  pressure  on  the  ciliary  nerves,  is  paralyzed,  myotics  fail  to 
cause  contraction,  and,  consequently,  are  unp.b't  to  relieve  ten- 
sion. In  glaucoma  of  long  standing,  where  the  root  of  the  iris  has 
become  absolutely  adherent  to  the  back  of  xbe  cornea  and  does  not 
simply  lie  in  apposition  with  it,  myotics  are  unable  to  separate  the 
adhesion,  and  in  these  cases  fail  also  to  ’•educe  the  abnormal  tension. 

Eserine,  besides  contracting  the  pupil,  tends,  especially  in  some 
people,  to  cause  a certain  amount  of  hypersemia  and  irritation  or  pain. 
It  should,  therefore,  not  be  usee’  stronger  or  more  often  than  is  abso- 
lutely required  to  produce  the  desired  effect  on  the  pupil  and  tension. 
Solutions  of  0.125  per  cent,  or  0.25  per  cent,  of  the  sulphate  are 
most  frequently  employed  One  or  two  applications  of  a 1 per  cent, 
solution  will  sometimes  however,  reduce  tension  when  the  weaker 
ones  have  failed. 

When  the  use  of  eserine  has  to  be  persisted  in  for  some  time,  it 
is  well  to  combine  with  it  cocaine.  Cocaine  has  the  opposite  effect  to 
eserine:  it  dilates  the  pupil,  diminishes  the  sensibility  of  the  eye,  and 
contracts  the  bloodvessels.  If  a solution  be  employed  containing 
0.25  per  cent,  of  sulphate  of  eserine  and  1 per  cent,  of  hydrochloride 
of  co caine,  the  myotic  effect  of  the  eserine  will  predominate,  but  its 
irritating  and  hypera?mic  effects  will  be  reduced. 

Pilocarpine  is  a feebler  myotic  than  eserine,  but  causes  less  irritation. 


1 Herbst.  These  de  Paris,  1900. 
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It  may  be  used  in  the  form  of  the  nitrate  in  solutions  of  0.5  or  0.75 
per  cent. 

Morphine  administered  hypodermically,  by  reason  of  the  myotic 
effect  it  produces  and  its  sedative  action,  often  proves  a valuable 
additional  aid  to  other  measures  in  the  reduction  of  increased  tension. 

Clinical  Application  of  Treatment  in  Glaucoma.  In  cases  of  acute 
glaucoma  iridectomy  should  be  performed  at  the  earliest  possible 
moment ; a few  hours’  delay  may  make  considerable  difference  in  the 
amount  of  sight  which  will  be  regained. 

Eserine  should  be  dropped  into  the  eye  two  or  three  times  while 
the  patient  is  being  prepared  for  operation,  so  as  to  obtain  as  much 
contraction  of  the  pupil  as  possible.  It  greatly  facilitates  the  grasping 
of  the  iris  with  forceps  and  the  withdrawal  of  a portion  from  the 
eye.  The  congestion  of  the  eye  and  the  increased  tension  prevent 
cocaine  producing  any  marked  anaesthetic  effect,  so  that  a general 
anaesthetic  has  to  be  administered.  Chloroform  is  much  to  be  pre- 
ferred, at  any  rate  while  the  operation  is  being  performed,  as  with 
it  there  are  less  venous  congestion  and  less  heaving  respiratory  move- 
ments than  with  ether. 

In  the  performance  of  any  intra-ocular  operation,  either  for  acute 
or  chronic  glaucoma,  an  endeavor  should  be  made  to  lower  the  in- 
creased tension  as  gradually  as  possible,  so  as  to  avoid  any  sudden 
rush  of  blood  into  the  intra-ocular  bloodvessels,  causing  their  rupture 
and  hemorrhage.  In  making  an  incision  into  the  anterior  chamber, 
the  aqueous  should  be  allowed  to  drain  away,  and  not  to  escape  with 
a gush. 

After  an  iridectomy  a compress  should  be  applied  and  a bandage 
firmly  adjusted.  The  patient  should  be  put  to  bed  and  kept  there 
until  the  anterior  chamber  has  well  reformed.  Care  shoo'd  be  taken 
to  prevent  the  patient  rubbing  or  touching  the  eye  when  half  asleep, 
by  tethering  the  hand  on  the  side  operated  on  to  the  foot  of  the 
bed,  so  that  it  cannot  be  moved  beyond  a certain  safe  distance 
from  the  eye.  To  prevent  the  shock  of  the  cremation  exciting  an 
acute  attack  of  glaucoma  in  the  fellow  eye.  eserine  drops  should  be 
applied  to  the  latter  immediately  after  the  operation,  and  twice  a 
day  for  the  succeeding  week. 

The  prognosis  in  acute  glaucoma,  jf  the  operation  is  performed 
sufficiently  early,  is  good.  If  it  ha?  been  delayed  for  some . days, 
although  the  operation  may  relie  rp  tension,  the  lost  vision  will  not 
be  restored.  In  the  most  acute  cases  vision  may  be  reduced  to  no 
perception  of  light  for  a few  hours,  and  then  restored  to  almost  its 
normal  acuity.  If,  however,  there  has  been  no  perception  of  light 
for  two  or  three  days  trie  chances  of  restoration  of  vision  are  very 
small. 

In  subacute  casus  of  glaucoma  a greater  reduction  of  tension  can 
be  effected  by  eserine  than  in  the  acute  cases— sometimes  a complete 
reduction.  Thmgh  by  the  effective  use  of  eserine  in  such  cases  the 
immediate  urgency  for  iridectomy  is  not  so  great,  still  there  can  be 
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little  doubt  that  the  sooner  it  is  performed  the  better  chance  there 
is  of  its  proving  successful. 

In  both  acute  and  subacute  cases  of  glaucoma,  should  the  lens  and 
iris  be  much  pressed  forward  and  the  anterior  chamber  very  shallow, 
it  may  be  advisable  to  perform  a preliminary  scleral  puncture,  and, 
by  escape  of  fluid  from  the  vitreous  chamber,  allow  of  some  recession 
of  the  lens.  A knife  can  then  be  passed  more  readily  into  the  ante- 
rior chamber  and  the  risk  avoided  of  splitting  the  layers  of  the 
cornea  instead. 

The  recession  of  the  lens  also  has  the  advantage  of  facilitating 
early  reformation  of  the  anterior  chamber,  and  so  preventing  adhe- 
sion between  the  lens  and  cornea,  which  adhesion  has  been  shown  to 
be  one  cause  why  iridectomy  may  fail  to  relieve  tension.  A scleral 
puncture  preliminary  to  iridectomy  is  strongly  recommended  by 
Priestley  Smith,  who  has  practised  it  extensively. 

In  chronic  cases  of  glaucoma  experience  has  shown  that  iridectomy 
is  not  nearly  such  a reliable  measure  for  the  relief  of  tension  as  in 
the  more  acute  cases.  It  produces  much  the  best  results  in  the  cure 
of  the  glaucomatous  condition,  if  performed  early  in  the  disease. 

Many  surgeons,  however,  hesitate  to  operate  on  patients  with  chronic 
glaucoma  when  the  symptoms  are  very  slight,  when  the  central  vision 
is  normal,  and  when  there  is  only  slight  contraction  of  the  field  of 
vision.  Yet  it  is  in  just  such  cases  that  the  iridectomy  is  calculated 
best  to  arrest  the  disease.  A very  distinct  objection  i o performing 
iridectomy  in  these  cases  is  that  the  operation  nearly  always  produces 
a certain  amount  of  corneal  astigmatism,  so  that  the  patient  finds 
that  the  immediate  effect  of  the  operation  has  been  to  reduce  his 
acuity  of  vision  uncorrected  by  glasses,  although  it  may  be  just  the 
same  as  before  with  glasses. 

The  alternative  treatment  to  iridectomy  in  cases  of  chronic  glau- 
coma is  the  continued  use  of  myotics;  Bither  eserine  or  pilocarpine. 

Many  cases  of  chronic  glaucoma  may  by  steady  perseverance  in 
this  treatment  be  kept  in  arrest  for  an  unlimited  time.  Some,  in 
spite  of  it,  go  on  steadily  losing  sight.  Others,  again,  notwithstanding 
the  myotic,  as  the  result  of  some  exceptional  exciting  or  emotional 
circumstance,  suffer  an  acute  exacerbation  of  symptoms,  when  the 
surgeon  is  forced  to  operate. 

The  choice  of  treatment  in  chronic  glaucoma,  in  any  individual  case, 
is  a matter  calling  for  considerable  judgment  and  experience,  it  being 
necessary  to  take  into  consideration  the  patient’s  circumstances,  age, 
expectanc}r  of  life,  general  health,  and  other  matters. 

Cases  of  absolute  glaucoma  are  met  with  in  which  operative  treat- 
ment of  some  form  becomes  necessary  for  the  relief  of  pain.  If  the 
patient  is  old  and  feeble,  or  if  the  eye  has  in  any  way  become  unsightly 
from  suaphylomatous  or  other  changes,  it  had  best  be  excised.  Under 
other  circumstances  the  effect  of  an  iridectomy  may  first  be  tried. 
In  such  eyes  iridectomy  frequently  fails  to  produce  permanent  relief 
of  tension  and  the  pain  recurs.  In  some  of  them  severe  intra-ocular 
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hemorrhage  from  the  choroidal  vessels  occurs.  The  blood  collecting 
between  the  choroid  and  sclerotic  forces  forward  the  retina,  vitreous, 
and  lens,  the  two  latter  structures  escaping  from  the  eye,  and  enu- 
cleation becoming  inevitable.  In  rare  cases  this  disastrous  form  of 
hemorrhage  follows  iridectomy  for  glaucoma  which  is  not  absolute. 

If  an  iridectomv  has  failed  in  any  case  to  relieve  tension,  the  eye 
should  be  examined  carefully  to  see  if  the  lens  has  become  tilted 
forward  through  adhesion  of  it  to  the  wound.  Where  such  an  adhesion 
exists,  the  lens  must  be  removed.  In  making  a fresh  incision  the 
Graefe  knife  should  be  made  to  sweep  across  the  posterior  suitace 
of  the  old  one,  so  as  to  divide  anything  adherent  to  it 

If  the  lens  has  not  become  tilted  forward,  the  return  of  tension  is 
presumably  due  to  a portion  of  the  root  of  the  ins  left  blocking  up  the 
filtration  area.  A sclerotomy  should  then  be  performed  in  the  reg  o 
of  the  coloboma,  which  will  cut  through  the  adherent  root  of  ins,  and 
so  possibly  establish  a passage  for  fluid  from  the  posterior  chamber 

into  the  spaces  of  Fontana.  > , 

Sometimes  in  the  performance  of  an  iridectomy  for  glaucoma  the 
lens  is  accidentally  wounded  and  becomes  opaque.  This  is  most  likely 
to  occur  when  a keratome  is  employed  and  the  anterior  chamber  js 
shallow  the  anterior  surface  of  the  lens  being  pressed  forward  through 
the  pupil  It  has  been  known  also  to  occur  when  the  operation  has 
been  performed  with  a Graefe  knife,  from  the  ins  having  been  cut 

through  in  making  the  upward  cut. 

In  some  cases  the  lens  becomes  cataractous  after  the  operation, 
without  having  been  wounded.  In  these  it  is  generally  found  that 
there  had  previously  been  some  peripheral  strue,  and  the  manipulation 
•of  the  eve  acts  as  a maturation  operation.  ..  , , 

The  operation  of  removal  of  the  superior  cervical  ganglion  ° _ - 

sympathetic  is  one  which  must  be  regarded  as  still,  to  a cer  .am  extent, 
on  trial  Even  in  skilled  hands  it  may  be  attended  by  grave  risks 
and  there  are  probably  few  who  would  caxe  to  recommend  it,  unless 
thp  other  and  simpler  measures  above  indicated  had  iaile  i. 

Patients  suffering  from  glaucoma  should  be  advised  to  adopt,  as 
far  2 pmcticable,  the  following  habits  in  lift  : all  worry  excitement 
or  fatigue  should  be  avoided.  They  should  be  warmly  clad  and  guar 
against  anything  like  a chill.  Great  importance  should  be  attached 
to  their  obtaining  a regular  and  adequate  amount  of  sleep.  A 
straining  efforts  likely  to  lead  to  congestion  of  the  head  and  face 
should  when  possible,  be  pre  rented.  Where  there  is  a tendency  to 
constipation,  aperients  should  be  administered.  Errors  of  refraction 
sSld  be  accurately  corrected  and  no  very  prolonged  near  work 
engaged  in. 
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DISTURBANCES  OF  VISION  WITHOUT  APPARENT 

LESION. 

By  ELMER  G.  STARR,  M.D. 

The  conditions  described  under  the  heading  of  this  chapter  are 
properly  embraced  by  the  terms  amaurosis  (loss  of  sight)  and  amblyo- 
pia (defective  or  dull  sight),  terms  which  are  used  to  indicate  all  cases 
of  defective  vision  which  do  not  result  from  visible  disease  of  the  eye 
structures,  and  which  cannot  be  remedied  by  the  correction  of  an 
existing  error  in  refraction.  The  diagnosis  of  this  condition  is  often 
very  difficult,  as  it  must  be  based  chiefly  upon  the  evidence  of  sub- 
jective symptoms. 

The  color  sense  may  be  lost  or  lessened,  the  field  of  vision  limited, 
and  scotomata  found.  In  this  class  of  diseases  may  be  included  the 
following-named  conditions:  color  amblyopia,  amblyopia  exanopsia, 
congenital,  hysterical,  and  simulated,  uraemic,  glycosuric,  malarial, 
from  hemorrhage,  from  lightning  flash,  reflex,  scintillating  scotoma, 
nyctalopia,  hemeralopia,  erythropsia,  snow  blindness,  micropsia, 
megalopsia,  and  metamorphopsia. 

It  is  probable  that  future  increase  in  our  knowledge  will  remove 
from  the  category  of  amblyopia  some  of  the  conditions  enumerated 
above  by  disclosing  their  real  nature. 

In  all  amblyopic  conditions  careful  ophthJmoscopic  examination 
should  be  made,  as  many  cases  of  supposed  amblyopia  will,  by  careful 
and  thorough  examination,  be  found  to  depend  in  reality  upon  some 
disease  of  the  retina  or  choroid  in  its  extreme  peripheral  regions, 
parts  of  the  eye  which  are  difficult  Lo  see,  and  which  frequently  escape 
scrutiny  in  the  routine  ophthalmoscopic  examination. 

Another  objective  point  in  the  examination  is  the  macular  region. 
This  should  be  closely  inspected  by  the  direct  method,  as  not  infre- 
quently in  low  degrees  of  amblyopia  slight  changes  are  found  in  the 
region  of  the  macula,  such  as  a granular  or  stippled  appearance,  or 
the  presence  of  minute  white,  gray,  or  yellowish  points — conditions 
which  in  some  eases  undoubtedly  have  their  origin  in  long  existing 
refractive  erroi  (eyestrain),  while  in  others  the  exciting  cause  seems 
to  be  a rena1  or  intestinal  toxaemia. 

Color  Ehndness.  Perhaps  the  most  wonderful  of  all  our  senses 
is  that  of  adaptation  or  refinement  of  the  sense  of  sight,  the  perception 
of  color.  Pure  hues  of  red,  yellow,  and  blue  appear  to  the  eye  so 
positively  unlike  and  contrasted  that  it  is  remarkable  that  they  are 
(568  ) 
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caused  by  waves  of  ether,  differing  only  in  length  and  rate  of  vibra- 
tion, and  that  there  is  a graduated  series  of  waves  from  one  color 
to  another,  linking  them  together  and  merging  the  colors  of  the  spec- 
trum one  into  another. 

When  the  sense  of  sight  was  first  developed,  it  is  probable  that 
nothing  more  than  light  and  darkness  was  perceived.  As  the  visual 
organs  became  more  developed,  more  delicate  changes  in  light  and 
shadow  would  be  seen,  but  color,  except  in  so  far  as  it  modified  the 
amount  of  light  reaching  the  eye,  would  not  be  visible.  A high  state 
of  development  of  the  eye  as  an  organ  of  vision  is  compatible  with 
the  absence  of  all  color  sense,  and  may  have  existed  long  before  the 
sense  of  color  began  to  develop.  The  time  at  which  the  color  sense 
appeared  is  unknown — by  some  it  is  believed  to  have  had  its  origin, 
or  at  least  to  have  developed  within  historic  times.  There  are  facts, 
however,  which  indicate  that  this  sense  existed  in  a highly  developed 
condition  in  prehistoric  man.  Birds  and  many  animals  undoubtedly 
distinguish  colors.  Even  in  so  low  an  order  of  animals  as  fishes  a 
sense  of  color  seems  to  exist,  as  is  evidenced  by  their  protective 
coloring.  It  is  quite  possible,  of  course,  that  the  color  sense  of  the 
lower  animals  may  not  be  identical  with  that  in  man,  but  a fact 
which  points  to  the  early  development  of  this  sense  is  that  babies 
have  a well-developed  sense  of  color,  which  would  hardly  be  the  case 
were  this  a recent  acquirement  of  the  human  race. 

Color  has  no  objective  existence,  but  is  an  internal  sensation,  and 
may  be  caused  by  pressure  on  the  eyeball  or  any  means  which  stimu 
lates  or  excites  the  retina  of  the  eye.  In  the  present  chapter  it  is 
considered  as  due  to  the  action  of  light  waves. 

Objectively,  then,  color  corresponds  to  light  waves  or  ether  undu- 
lations of  certain  length  and  rate  of  vibration,  at  leas,  this  will 
apply  to  such  colors  as  have  a known  vibration  for  their  cause.  There 
are  colors,  however,  which  have  no  objective  definite  ether  waves  for 
their  production,  and  which  serve  to  illustrate  still  further  the  fact 
that  color  is  purely  a physiological  sensation.-  Such  a lors  are  purple, 
which  does  not  occur  in  the  spectrum,  and  has  no  definite  wave  length 
for  its  production;  and  white,  if  this  may  be  called  a color.  By 
experiment  it  has  been  determined  that  .he  sensation  of  red  is  caused 
by  the  longest  visible  wave  and  slowest  race  of  vibration,  while  the 
shortest  wave  and  the  most  rapid  vibration  give  the  sensation  of 
violet.  Red,  then,  gives  us  one  end  of  the  visible  spectrum,  and 
violet  the  other  end.  Between  these  limits  there  is  a graduated 
series  of  wave  lengths,  all  of  which  affect  our  visual  apparatus  and 
give  us  the  various  colors  of  ihe  spectrum.  The  spectral  colors  pass 
from  one  into  another  by  such  slight  gradations  that,  when  examined 
in  a long  spectrum,  u > sudden  change  from  one  color  to  another  is 
found  to  occur,  but  one  merges  so  gradually  into  another  that  it 
is  difficult  to  say  ,j"st  where  one  color  ends  and  another  begins,  so 
that  the  spectrum  is  found  to  be  made  up  of  an  infinite  number  of 
gradations  of  colors.  If,  however,  the  spectrum  is  made  shorter,  so 
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that  the  colors  are  more  condensed,  as  it  were,  it  appears  as  if  made 
up  of  only  three  or  four  colors — red,  green,  blue,  and  violet,  and  the 
transition  from  one  color  to  another  is  more  abrupt. 

There  are  several  theories  to  explain  the  manner  in  which  the 
different  colors  affect  the  eye.  Without  entering  into  a discussion 
of  the  subject  here,  it  may  be  stated  that  in  general  these  theories 
suppose  the  eye  to  be  provided  with  sets  of  sensitive  elements  which 
are  affected  either  directly  or  secondarily  by  some  three  or  more  of 
the  spectral  colors.  For,  while  the  decomposition  of  white  light  by 
means  of  a prism  gives  seven  prismatic  or  spectral  colors,  it  is  found 
that  all  these  colors,  as  well  as  white,  may  be  obtained  by  combining 
three  colors,  such  as  red,  blue,  and  green. 

In  the  Y oung-Helmholtz  theory  the  retina  is  supposed  to  be  pro- 
vided with  three  sets  of  elements,  one  set  of  which  responds  most 
strongly  to  red  rays,  another  to  green,  and  a third  is  most  affected 
by  blue  light.  All  the  elements  are,  however,  affected  to  some  extent 
by  each  of  the  three  colors  mentioned.  Thus,  red  light  exerts  its 
greatest  action  upon  the  red-sensitive  elements,  although  it  affects 
the  green  also,  and  to  a lesser  degree  the  blue-percipient  elements. 
Similarly  with  green  and  blue,  all  the  elements  are  affected, 
but  in  varying  degrees.  The  simultaneous  action  of  red,  blue, 
and  green  gives  the  color  or  effect  of  white  light. 

The  effect  of  color  waves  upon  the  percipient  elements  is  sup- 
posed to  be  due,  not  to  the  action  of  light  waves  directly,  but 
to  the  decomposition  which  they  cause  of  a photo-chemical 
substance  with  which  the  sensitive  retinal  elemen  rs  are  sup- 
plied. That  is,  the  red-sensitive  retinal  elements  are  affected 
by  the  decomposition  of  a photo-chemical  substance  which  is 
most  sensitive  to  the  red  rays  of  the  spectrum.  Similarly  the 
green-sensitive  and  blue-sensitive  elements  are  affected  by  green 
and  blue  light  waves. 

Impaired  color  sense,  or  color  blindness , exists  in  3 or  4 per  cent,  of 
males,  and  is  less  common  in  females.  Color  blindness  may  be  total 
or  partial.  Totally  color-blind  individuals  see  the  spectrum  in  differ- 
ent shades  of  gray,  and  all  objects  appear  to  them  much  as  they  do 
to  normal  eyes  in  stereoscopic  photographs.  To  the  partially  color 
blind  the  spectrum  appears  in  two  colors  only,  with  a gray  or  neutral 
band  in  it.  The  most  common  forms  of  color  blindness  are  red-  and 
green-blindness.  These  are  sometimes  classed  under  one  head,  viz.: 
u red-green”  blindness,  from  the  fact  that  the  red-blind  do  not  see 
green  correctly,  and  the  green-blind  do  not  see  red  correctly — in  fact, 
are  blind  to  both  colors.  There  are  two  classes  of  “ red-green"’  blind- 
ness, and  there  is  a clinical  difference  between  them.  In  one  class  the 
spectrum  is  shortened  at  one  end  (the  red),  while  in  the  other  the 
spectrum  is  not  shortened,  but  has  a neutral  zone  in  it.  Those  having 
this  defect  see  some  colors  correctly,  other  colors  incorrectly,  and  the 
rest,  those  to  which  they  are  “blind,”  not  as  colors  at  all,  but  as  neutral 
grays.  Bearing  this  in  mind,  the  following  schedule  from  Le  Conte 
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will  help  make  intelligible  what  the  color  blind  see,  what  mistakes 
they  are  apt  to  make  in  matching  colors,  and  the  means  adopted  m 
detecting  this  defect: 


I. 


Pure  Colors. 


See  Correctly. 

a.  White  and  black  and  all  intermediate  shades,  or  grays. 

b.  Yellow  and  all  shades  of  the  same— i.  e.,  brown. 

c.  Blue  and  all  shades  of  the  same  or  slate  blues. 


II.  Do  not  see  at  all  as  colors. 

a.  Reds  are  seen  as  different  shades  of  gray. 

b.  Greens  are  seen  as  different  shades  of  gray. 


III. 


Mixed  Colors. 


See  incorrectly. 

a.  Scarlet,  which  is  a mixture  of  red  and  yellow  light,  is  seen  as  gray  and  yellow, 

which  equals  dark  brown. 

b.  Orange  = red  + yellow,  are  seen  as  gray  + yellow  = lighter  brown. 

c.  Purple  = red  + blue,  are  seen  as  gray  + blue  = slate  blue. 

d.  Yellowish  green  = yellow  + green,  are  seen  as  yellow  + gray  = brown. 

e.  Bluish  green  = blue  + green,  are  seen  as  blue  + gray  = slate  blue. 


To  be  clinically  accurate,  this  table  should  be  modified  in  some 
ways,  inasmuch  as  it  does  not  distinguish  two  classes  of  red-green 
blindness— one  with  and  one  without  shortened  spectrum.  The 
table  serves  its  purpose,  however,  as  an  aid  in  elucidating  the  subject. 
From  this  it  will  be  observed  that  the  red-green  blind  are  very  liable 
to  confuse  or  mistake  all  mixed  colors,  as  well  as  reds  and  greens  with 
either  browns  or  gray  blues. 

Blue  blindness  is  rare  and  of  little  importance  clinically.  Juese 
three  types  comprise  practically  all  cases  of  color  blindness,  although 
there  are  many  deviations  from  the  general  types.  _ 

One  curious  result  of  color  blindness  is  that  persons  caving  this 
defect  are  able  to  discriminate  between  certain  hues  which  to  the 
normal  eye  appear  identical:  e.  g.,  two  complex  solutions  may  have 
the  same  color  to  the  normal  eye,  but  to  the  color-blind  eye  some  one 
•or  more  of  the  chromatic  constituents  of  the  solutions  may  not  be 
perceived,  and  in  consequence  the  two  solutions  appear  to  differ  in 

color.  . , , 

Color  blindness  is  usually  a congenial  defect,  but  it  may  be  an 
acquired  condition,  depending  on  some  disease  process  involving 
the  retina,  optic  nerve,  or  visual  centres,  such  as  atrophy  of  the  optic 
nerve,  tobacco  amblyopia,  and  cerebral  injuries  or  disease.  In  the 
acquired  form  the  color  blindness  may  be  limited  to  a part  of  the 
visual  field,  either  peripheral  or  central.  Another  difference  between 
the  congenital  and  the  acquired  forms  of  this  defect  is  that  in  acquired 
color  blindness  the  acuteness  of  vision  usually  is  lowered,  while  in  the 
congenital  form  this  is  not  the  case. 

Test  for  Color  Blindness.  Of  all  tests — and  there  are  more  than 
forty  different  ones— the  wool  test  of  Holmgren  is  probably  the  one 
most  frequently  used.  The  set  of  wools  consists  of  a selection  ot 
worsted  yarns  dyed  with  various  colors.  The  skeins  of  test-colors 
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are  three  in  number,  viz.  green,  rose  pink  or  purple,  and  red.  Of 
the  remaining  skeins,  some  have  the  same  color  as  the  test-skeins, 
while  others  are  dyed  with  mixed  or  “ confusion7'  colors.  A colored 
plate  accompanies  the  set,  and  is  used  as  an  aid  in  deciding  the  char- 
acter of  the  color  blindness,  and  is  not  to  be  used  in  any  way  as  a test- 
object. 

The  test  is  made  in  good  light — daylight,  if  possible — and  the  eyes 
are  tested  separately. 

The  wools  are  placed  in  a heap  on  a white  or  black  cloth  covering 
a table,  and  the  test-skein  of  green  is  placed  at  one  side,  separated 
from  the  pile,  and  the  person  under  examination  is  requested  to  select 
from  the  pile  all  other  skeins  resembling  the  test-skein  in  color,  but 
not  to  attempt  to  match  it  in  every  respect,  as  no  two  skeins  in  the 
pile  are  exactly  alike;  all  shades  of  the  same  color  are  to  be  selected. 
If  in  the  test  the  person  examined  selects  some  of  the  confusion  colors, 
such  as  light  brown  or  gray,  as  well  as  different  shades  of  green,  then 
he  is  shown  to  be  color  blind,  and  if  the  existence  of  color  blindness 
alone  is  to  be  determined  no  further  test  is  required ; but  if  the  kind  of 
color  blindness  is  to  be  determined,  examinations  with  other  test- 
skeins  should  be  made.  The  second  examination  with  the  purple  test- 
skein  will  show  that  “ red-blindness”  exists  if  the  colors  which  are 
selected  to  match  the  purple  include  shades  of  blue  or  violet:  while 
if  green  or  gray  is  selected  the  subject  is  “ green-blind.’' 

Dr.  William  Thomson  has  devised  a very  convenient  unification 
of  the  Holmgren  wools,  which  consists  of  a stick  with  yarns  attached, 
as  shown  in  Plate  XIX.  As  in  Holmgrens  method,  the  test-skeins 
are  green,  purple,  and  red.  The  test-skeins  are  to  be  matched  in  turn 
from  the  colors  on  the  stick,  which  are  arranged  in  alternate  match 
and  confusion  colors,  and  which  are  numbered  from  one  to  twenty. 
Ten  tints  are  to  be  selected. 

The  odd  numbers  being  the  match  colors  and  the  even  numbers 
the  confusion  colors,  it  is  evident  that  the  selection  made  by  the  color- 
blind eye  will  include  some  of  the  "vm  numbers,  while  the  eye  free 
from  this  defect  will  select  only  odd  numbers. 

Dr.  Thomson  has  further  improved  his  test  by  discarding  the  color- 
stick  and  increasing  the  number  of  the  color-skeins  to  forty,  each  of 
which  has  a bangle  attached  bearing  a number.  By  this  means  the 
skeins  may  be  heaped  together  without  any  regularity  of  recurring 
colors,  such  as  occurs  on  the  color-stick,  thus  obviating  the  possibility 
of  giving  a hint  to  the  person  under  examination  by  the  regular 
arrangement  of  yarns,  as  might  occur  after  repeated  examinations 
of  the  individual. 

The  Holmgren  test  is  very  satisfactory  in  detecting  congenital  color 
blindness,  but  in  the  acquired  condition  some  other  method  must 
be  used,  because  of  the  fact,  before  mentioned,  that  the  blindness 
mry  be  limited  to  a small  area,  so  that  the  color  of  a large  object  is 
correctly  seen,  and  the  defect  in  the  color  sense  is  discovered  only  when 
using  a small  test-object,  such  as  a distant  signal  light,  whose  retinal 
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image  is  so  small  as  to  fall  entirely  within  the  color-blind  area.  It  is, 
therefore,  evident  that  should  the  wool-test  indicate  no  defect  in  the 
color  sense,  we  cannot  be  sure  without  a further  examination  that  a 
color  scotoma — a tobacco  scotoma,  for  example — does  not  exist. 

The  existence  of  central  color  scotoma  may  be  detected  by  the  use 
of  the  perimeter,  employing  small  squares  of  colored  paper  of  from 
one  to  ten  millimetres  size. 

A more  satisfactory  method  is  to  use  as  test-objects  small  distant 
colored  lights,  the  different  colors  of  which  should  be  distinguished ; 
or  a dark-blue  cobalt  glass  is  placed  over  each  eye  separately  and 
the  vision  is  directed  to  a small  distant  light,  such  as  the  flame  of  a 
candle.  A normal  eye  sees  a light  of  one  color  surrounded  by  a halo 
of  another  color,  but  a color-blind  eye  sees  but  one  color,  blue,  or  a 
white  light  surrounded  by  a blue  halo. 

Individuals  who  are  blind  to  red  are  also  blind  to  its  complementary 
color.  Application  of  this  fact  as  a test  for  color  blindness  may  be 
made  in  the  following  way : A sheet  of  white  paper  is  illuminated  by 
two  lights  placed  at  a little  distance,  one  light  having  a red  glass  in 
front  of  it.  Between  the  lights  and  the  paper  a small  object,  such 
as  a pencil,  is  placed  so  situated  that  two  shadows  of  it  fall  on  the 
white  paper.  One  shadow,  that  formed  by  the  rays  from  the  white 
light,  will  be  red  in  color,  while  the  other  shadow  will  be  its  com- 
plementary color,  or  green.  A color-blind  person  will  see  but  one 
shadow  under  these  conditions;  or  at  least  will  distinguish  no 
difference  in  their  colors,  but  merely  a difference  in  the  density  of 
shade. 

Amblyopia  ex  Anopsia.  Amblyopia  from  Disuse.  If  in  early  child- 
hood an  eye  is  disused,  its  visual  power  is  diminished  from  imperfect 
physiological  development  of  the  central  visual  centre.  An  active 
factor  in  causing  this  condition  is  probably  the  act  of  suppressing 
the  vision  in  the  disused  eye.  Particularly  is  this  true  if,  as  usually 
occurs  in  strabismus,  the  vision  of  the  squinting  eye  is  suppressed 
because  of  the  confusion  of  images  otherwise  seer  . 

This  suppression  of  vision,  which  really  means  an  abeyance  of  the 
physiological  processes  in  the  visual  centre;  , together  with  the  youth 
of  the  patient,  is  undoubtedly  the  important  factor  in  the  production 
of  amblyopia  exanopsia. 

Age  also  is  important  in  determining  the  result  of  disuse.  In 
adult  life,  after  the  visual  centres  become  physiologically  developed, 
amblyopia  does  not  result  from  disuse.  It  is  in  the  first  years  of  life, 
the  years  of  developmental  activity,  that  disuse  of  this  function, 
coupled  with  efforts  to  suppress  it,  exhibits  its  effect.  Thus  it  will  be 
evident  that  in  all  cases  >'f  squint  in  children  efforts  should  be  made 
to  maintain  physiological  activity  in  the  squinting  eye  by  exercising 
its  functions  for  a short  or  long  time  daily,  while  the  other  eye  is 
excluded  from  work  by  means  of  a bandage,  patch,  or  opaque  glass. 
The  amblyopia  accompanying  squint  is,  however,  frequently,  if  not 
usually,  a congenital  condition,  and  in  no  way  the  result  of  disuse. 
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But  in  cases  of  squint,  even  in  those  having  normal  visual  acuteness 
in  each  eye,  the  power  of  binocular  fixation  becomes  seriously  im- 
paired, so  that  true  binocular  fixation  is  rarely  attained  after 
correcting  a strabismus. 

In  cases  of  high  refractive  error,  not  infrequently  a considerable 
degree  of  amblyopia  remains  after  correction  of  the  refraction  by 
suitable  lenses.  In  a certain  number  of  these  cases  the  acuteness  of 
vision  improves  when  correcting-glasses  are  worn,  at  first  rapidly, 
then  more  slowly,  until  vision  becomes  normal,  or  the  condition  may 
become  stationary  before  normal  vision  is  attained. 

Congenital  Amblyopia.  This  is  probably  the  result  of  arrested 
or  imperfect  development  of  the  central  visual  centre.  It  often 
escapes  observation  during  childhood,  and,  indeed,  not  infrequently  is 
undiscovered  until  adult  age  or  middle  life,  when  by  chance,  perhaps, 
the  patient  discovers  that  one  eye  is  blind. 

When  affecting  one  eye,  it  is  associated  frequently  with  strabismus. 
Nystagmus,  also,  sometimes  accompanies  high  degrees  of  amblyopia. 
The  entire  field  of  vision  may  be  affected,  or  scotoma  may  be  present. 
No  objective  conditions  adequate  to  account  for  the  defective  vision- 
are  found.  The  condition  is  not  amenable  to  treatment. 

Hysterical  Amblyopia.  Among  the  ocular  manifestations  of  hys- 
teria, amblyopia  is  often  present.  It  is  always  associated  with  con- 
centric contraction  of  the  field  of  vision.  A peculiarity  of  this  form 
of  contracted  field  is  that  it  may  be  modified  in  size  by  excitation  of 
the  skin.  A puncture  of  the  skin  by  a pin,  for  instance,  will  increase 
the  size  of  the  field,  and  by  successively  irritating  or  exciting  the 
skin,  the  field  may  be  increased  to  its  normal  size. 

Color  sense  is  often  disturbed,  and  there  may  be  inversion  of  the 
normal  color  field — i.  e.,  instead  of  the  field  for  blue  being  largest  and 
that  for  green  the  smallest,  the  field  for  green  is  found  largest  and 
that  for  blue  smallest.  There  may  be  polyopia,  monocular  diplopia, 
micropsia,  megalopsia,  hemianopsia,  or  central  scotoma. 

The  acuteness  of  vision  is  often  improved  by  plain  blue  glasses. 

When  blindness  is  complete,  it  is  usually  monolateral,  and  the 
pupil  reacts  when  the  other  eye  is  covered  and  uncovered. 

Other  disorders  of  sensation,  particularly  of  the  mucous  membranes 
and  skin,  and  especially  of  1 he  pharynx,  almost  always  accompany 
hysterical  amblyopia. 

Simulated  Amblyopia,.  Blindness,  complete  or  partial,  affecting 
one  or  both  eyes,  is  sometimes  pretended  by  individuals  who  hope 
thereby  to  escape  the  performance  of  some  duty  or  to  gain  compen- 
sation in  the  way  of  a pension,  or  damages.  If  the  individual  is  intel- 
ligent and  clever,  or,  on  the  other  hand  is  densely  stupid,  it  may  be 
very  difficult  to  convict  him  of  deceit,  and  much  care  must  be  given 
to  the  examination  of  his  condition. 

Complete  blindness  of  both  eyes  is  not  often  simulated,  except  in 
those  cases  where  a considerable  degree  of  amblyopia  really  exists. 
In  these  cases  the  action  of  the  pupil  is,  perhaps,  the  best  index  of  the 
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condition.  In  absolute  blindness  in  both  eyes  the  pupils  will 
rarely  respond  to  light.  Should  the  patient  have  used  atropine  to 

Fig.  340. 


Right  Eye 


Extreme  concentric  contraction  as  produced  in  hysteria. 


Fig.  341. 
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mask  the  real  condition  of  the  pupils,  this  fact  may  be  suspected  if 
there  is  extreme  dilatation,  as  the  mydriasis  accompanying  amaurosis 
is  usually  moderate.  It  is  true,  however,  that  the  pupils  may  con- 
tract under  the  stimulus  of  light,  or  that  the  opposite  condition,  that 
of  wide  dilatation  of  the  pupil,  may  either  of  them  accompany  blind- 
ness; so  that  it  will  be  seen  that  the  unmasking  of  malingering  in 
these  cases  may  be  very  difficult. 

A close  watch  should  be  kept  on  the  actions  of  the  individual  when 
he  believes  himself  free  from  observation. 

A prism  of  6°  or  8°  may  be  placed  with  its  base  out  before  one 
eye  and  left  in  place  for  a few  minutes.  If  on  its  sudden  removal 
the  eye  is  seen  to  deviate  outward,  it  may  be  suspected  that  the  eye 
sees.  Should  repeated  tests  show  that  withdrawal  of  the  prism 
is  accompanied  by  this  movement  of  the  eye,  the  fact  that  the  eye 
sees  is  established. 

If  blindness  in  one  eye  is  claimed,  a prism  placed  before  the  pre- 
tended blind  eye  will  cause  no  change  in  the  position  of  the  eye  if  it 
be  really  blind.  If,  however,  the  eye  does  participate  in  vision,  a 
prism  of  6°  or  8°  placed  with  its  base  out  before  the  eye  causes  the 
eye  to  move  inward,  and  if  the  prism  be  suddenly  removed  while  the 
vision  is  fixed  on  some  near  object,  the  eye  can  be  seen  to  move  out- 
ward. 

Prisms  strong  enough  to  cause  double  vision  may  be  put  on  the 
patient,  and  he  be  requested  to  walk  or  to  go  up  and  d^wn  a few 
steps  of  a flight  of  stairs. 

The  diplopia  caused  by  a 5°  or  6°  prism  with  Lase  up  or  down, 
for  example,  is  most  confusing.  In  making  these  tests,  it  is,  of  course, 
important  to  see  to  it  that  the  patient  does  not  close  the  11  blind” 
eye.  With  a 6°  or  7°  prism  with  base  down  in  front  of  one  eye, 
and  the  vision  directed  to  some  distan  object,  the  eyes  will  alter- 
nately move  up  and  down  if  they  be  alternately  covered  and  uncov- 
ered with  a screen. 

A prism  may  be  held  with  its  thi;«  edge  opposite  the  middle  of  the 
pupil  of  the  seeing  eye,  thus  causing  double  vision  in  the  single  eye. 
When  the  patient’s  attention  is  directed  to  the  fact  that  he  can  see 
double  with  one  eye,  the  prism  may  be  moved  so  as  to  cover  the  pupil, 
when  if  he  still  admits  that  double  vision  exists,  he  is  seeing  with 
both  eyes.  These  tests  show  the  existence  of  binocular  vision,  but 
do  not  indicate  the  acuteness  of  vision  in  the  blind  eye. 

Among  the  quantitative  tests  may  be  mentioned  the  following:  A 
strong  convex  Itns  — c.  g.,  10  D. — is  placed  before  the  seeing  eye,  and  the 
test-type  ic  held  at  such  a distance  that  it  can  be  read  with  this  eye, 
which  with  an  emmetropic  eye  is  one-tenth  metre ; then  with  both  eyes 
open  the  type  is  moved  farther  away,  and  if  it  is  still  read,  it  is  being 
read  by  the  “ blind  ” eye. 

stereoscope  may  be  used  with  cards  bearing  various  designs 
wh  ch  differ  on  the  two  sides,  and  which  are  combined  by  the  vision 
of  two  eyes  to  form  a definite  figure  or  letter. 
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Before  the  seeing  eye  two  strong  cylinders — e.  g .,  4 D.  and  +4  D. 
— are  so  arranged  as  to  neutralize  each  other,  i.  e.,  with  axes  together. 
In  this  position  they  do  not  affect  the  vision.  Now,  while  the  patient 
is  reading  distant  test-type  one  cylinder  is  turned  10°  or  15°,  thus 
entirely  changing  the  refraction  of  the  combination  and  lessening 
the  visual  acuity  of  the  eye  before  which  it  is  placed.  This  change 
should  be  made  while  the  patient  is  reading  large  type,  as  in  reading 
small  type,  which  demands  of  the  patient  close  attention  to  detail, 
a comparatively  small  change  in  the  lens  before  one  eye  is  noticed 
at  once,  even  though  both  eyes  have  normal  visual  acuteness  and 
are  being  used  together.  When  one  eye  has  subnormal  vision,  then 
any  change  in  the  refraction  of  the  lens  in  front  of  the  better  eye  is, 
obviously,  more  quickly  detected. 

Of  course,  the  refraction  of  the  eye  should  be  determined,  at  least 
approximately,  by  using  the  shadow  test  with  the  supposed  blind 
eye,  and  efforts  to  improve  vision  by  correcting  lenses  should  be  made. 

Snellen’s  transparent  red  and  green  test-letters  of  different  sizes 
may  enable  one  to  detect  simulation,  and  at  the  same  time  to  determine 
the  amount  of  vision  in  each  eye.  The  patient  is  requested  first  to 
read  the  letters  without  anything  before  his  eyes.  Then  a spectacle 
frame,  holding  a red  glass  in  one  side  and  in  the  other  a green  glass, 
is  put  on  him,  and  he  is  asked  to  read  the  letters  again,  taking  care 
that  he  keeps  both  eyes  open.  The  green  glass  shuts  off  from  one 
eye  all  the  light  coming  from  the  red  letters,  thus  making  them  invisi- 
ble to  the  eye.  Similarly  the  red  glass  makes  the  green  letters  in- 
visible to  the  other  eye.  By  noting  what  letters  are  read,  it  is  e*sy 
to  determine  whether  one  only  or  both  eyes  are  used,  and  wha+  dcute- 
ness  of  vision  is  represented  by  the  size  of  type  read. 

Uraemic  Amblyopia.  Amblyopia  from  uraemic  poisoning  is  seen 
accompanying  the  albuminuria  of  scarlet  fever,  variola,  measles,  and 
pregnancy.  It  is  associated  frequently  with  symptoms  of  brain  irri- 
tation, such  as  vomiting,  convulsions,  coma,  and  hemiplegia.  Both 
eyes  are  affected,  and  blindness  may  be  complete  within  a few  hours 
from  its  onset.  A peculiarity  of  this  condition  chat  the  pupillary 
reactions  are  not  lost.  The  prognosis  so  hr  .is  vision  is  concerned 
is  good,  blindness  usually  disappearing  with  subsidence  of  the 

albuminuria.  # . 

Glycosuric  Amblyopia.  Diabetes  sometimes  causes  amblyopia, 
and  it  is  characterized  by  a centra l color  scotoma.  Central  scotoma 
for  white  may  also  be  present  The  visual  field  may  be  normal  or 
contracted,  or  may  be  heruiangpic.  The  prognosis  is  unfavorable, 
although  useful  vision  may  long  be  retained.  # . 

Malarial  Amblyopia.  lalaria  is  another  disease  which,  in  addi- 
tion to  those  cases  of  *m paired  vision  due  to  apparent  lesion,  causes 
other  disturbances  of  vision  in  which  the  ophthalmoscopic  findings 
are  negative.  The  affection  appears  as  a transient  loss  of  vision, 
lasting  from  a lew  hours  to  several  days,  and  disappears  under  treat- 
ment with  quinine.  The  amblyopia  begins  with  the  chill  and  ends 
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with  the  onset  of  the  sweating  stage.  Although  blindness  may  be 
complete,  the  pupils  react  normally  to  light. 

Amblyopia  from  Hemorrhage.  Loss  of  blood  is  followed  occasion- 
ally by  impaired  vision  or  by  blindness.  The  disturbance  in  vision 
may  not  manifest  itself  until  some  time  after  the  hemorrhage,  even 
after  the  normal  volume  of  blood  has  been  re-established  and  the 
equilibrium  of  the  circulation  restored.  Instances  of  this  condition 
have  been  observed  following  hemorrhages  which  were  not  very 
severe  or  exhausting,  so  that  a condition  of  anaemia  could  not  be 
said  to  exist,  although  it  more  often  accompanies  or  follows  an  ex- 
sanguinated condition.  It  is  seen  after  metrorrhagia,  haemoptysis, 
gastric  hemorrhage,  and  post-partum  hemorrhage.  The  amblyopia 
sometimes  accompanying  great  anaemia  and  extreme  chlorosis  may 
be  considered  the  same  in  kind  as  that  following  hemorrhage.  A 
case  of  this  nature,  under  the  observation  of  the  writer,  occurred  m 
a frail,  anaemic  woman,  thirty-six  years  old,  after  a prolonged  period 
of  lactation.  Vision  gradually  failed  for  several  days,  when  blind- 
ness became  absolute.  The  light  reaction  of  the  pupils  was  not  lost, 
but  was  lessened,  and  the  pupils  were  but  little  larger  than  normal 
in  size.  Tonic  treatment  was  at  once  instituted,  and  the  child 
was  taken  from  the  breast.  The  condition  of  vision  remained 
unchanged  for  three  weeks,  when  sight  began  to  return,  and  soon 
normal  vision  was  restored. 

The  loss  of  vision  may  be  gradual,  or  sudden  and  complete,  or 
partial,  and  is  generally  bilateral.  There  may  be  central  scotoma. 
The  affection  may  remain  for  a few  hours  or  days,  or  even  for  a few 
weeks,  and  then  gradually  disappear  completely,  or  It  may  leave 
behind  it  permanent  defects.  The  most  unfavorable  cases  appear  to 
be  those  which  are  late— a week  or  more— in  following  the  hemor- 
rhage, and  these  cases  usually  show,  at  a later  stage,  atrophy  of  the 
optic  nerves. 

It  should  be  remarked  that  an  impairment  of  vision  coming  on 
during  an  exhausted  bodily  condition  may  be  due  to  a weakening 
or  exhaustion  of  the  power  of  accommodation,  and  the  state  of  the 
refraction  and  accommodation  should  always  be  examined  in  such 
conditions. 

It  is,  of  course,  important  to  have  some  guide  as  to  the  prognosis 
in  these  conditions.  Ti  e negative  result  of  the  ophthalmoscopic 
examination  is  no  index  in  making  a prognosis,  for  we  meet  with 
cases  of  sudden  blindness  occurring  during  the  course  of  acute  dis- 
ease, in  which  no  change  in  the  eye  fundus  is  visible  for  weeks, 
and  yet  where  L'indness  is  permanent  and  in  which  atrophy,  of  the 
optic  nerve  eventually  appears.  The  behavior  of  the  pupil  may 
give  information  of  value,  as  when  pupillary  reaction  is  not  lost  in 
blindness  In  any  of  the  foregoing  conditions  the  prognosis  is  more 
favorable. 

Amblyopia  from  Lightning  Flash.  Loss  of  vision  by  lightning 
st'cke  has  been  reported  in  many  instances,  and  may  be  accompanied 
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by  other  lesions,  such  as  burn  of  the  skin  or  cornea,  ptosis,  or  injui} 
to  the  lens,  causing  cataract,  or  inflammatory  conditions  of  the  deep 
structures  of  the  eye.  The  sight  in  cases  uncomplicated  by  inflam- 
matory or  other  visible  changes  is  usually  fully  restored. 

Reflex  Amblyopia.  Irritation  of  the  fifth  nerve,  especially  that 
form  arising  from  diseased  teeth,  is  said  sometimes  to  affect  vision. 
Amblyopia  in  one  eye,  resulting  from  irritation  of  the  ciliary  nerves 
in  the  other  eye,  has  been  reported,  as  have  cases  of  amblyopia  from 
intestinal  irritation  due  to  the  presence  of  worms  in  the  intestinal 

canal.  , . , , 

Scintillating  Scotoma.  This  condition  (Fig.  342)  is  known  also 
as  “amaurosis  fugax,”  and  as  “flicker  scotoma.  The  condition  is 
characterized  by  the  appearance  in  the  field  of  vision  of  a cloud, 
obscuring  more  or  less  completely  objects  in  one  part  of  the  field , 


Fig.  342. 


Scintillating  scotoma  in  migraine.  (Reute.) 


this  cloud  increases  in  size  and  may  obliterate  completely  one-half 
of  the  field.  It  is  homonymous — i.  e.,  affects  the  nasal  half  of  one 
visual  field,  and  the  temporal  half  of  the  Other.  Accompanying  this 
cloudiness  is  a peculiar  wavy  or  flickering  visual  sensation.  Often 
sparks  of  light  appear,  or  the  cloud  may  be  bordered  by  a bright 
edge.  The  acuteness  of  vision  is  disturbed,  being  generally  very 
decidedly  decreased.  The  scintillations  finally  cease,  the  cloud  dis- 
appears, and  vision  is  again  normal.  Accompanying  the  sensations 
just  mentioned,  or  immediately  following  their  subsidence,  headache 
usually  appears  and  is  limited  to  one  side— migraine.  These  phenom- 
ena may  result  from  irrigation,  probably  of  the  brain  cortex,  trom 
toxic  substances  absorbed  during  gastric  or  intestinal  indigestion. 
Eyestrain  from  refractive  errors  is  surely  a not  infrequent  cause, 
either  direct!)  by  causing  brain  irritation,  or  indirectly  by  reflexly 
disturbing  the  functions  of  the  stomach. 
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As  temporary  obscurations  of  vision  occur  in  glaucoma,  the  tension 
of  the  eyes  should  always  be  examined  in  this  condition,  in  order 
to  avoid  mistaking  the  character  of  the  affection. 

Nyctalopia.1 *  Night  blindness  is  a functional  disease  characterized 
by  a diminished  sensibility  of  the  retina  to  light.  It  usually  occurs 
suddenly  in  spring  or  summer,  after  one  or  several  days  spent  in 
bright  sunlight,  a debilitated  condition  of  the  health  often  being  a 
contributing  cause.  In  the  beginning  the  centre  only  of  the  retina 
is  affected,  and  a more  or  less  sharply  defined  cloud  appears  in  the 
centre  of  the  field,  which  compels  the  patient  to  look  beyond  or  at 
the  side  of  an  object  in  order  to  see  it  at  all  distinctly.  Frequently 
all  of  the  field,  or  all  but  the  periphery,  is  cloudy.  If  the  exciting 
conditions  continue,  the  density  of  the  cloud  becomes  greater,  and 
the  blindness  comes  on  earlier  in  the  evening.  In  cases  of  only 
moderate  severity  the  full  light  of  a bright  or  even  a cloudy  day 
is  sufficient  to  permit  the  patient  to  read  or  distinguish  objects  near 
at  hand.  In  high  degrees  of  night  blindness,  however,  very  bright 
illumination  is  necessary  for  normal  vision.  An  unfavorable  position 
of  the  object  to  the  light,  a cloudy  day,  shadows  falling  on  objects, 
all  materially  lessen  the  visual  acuteness,  and  lessen  the  power  of 
distinguishing  colors.  Sudden  changes  in  illumination  affect  the 
vision  much  more  than  is  the  case  with  the  normal  eye.  If  the  illu- 
mination is  reduced,  a point  is  reached  beyond  which  the  decrease 
in  vision  is  very  rapid,  so  that  a very  small  decrease  in  illumination 
causes  a profound  effect  upon  vision,  often  rendering  objects  instantly 
unrecognizable;  even  perception  of  light  may  disappear.  This 
particular  point  in  decreased  illumination  varies  with  different  indi- 
viduals. Diminished  light  at  any  hour  of  the  da}7  has  the  same 
effect,  and  the  idea,  at  one  time  common,  that  the  disease  was  confined 
to  certain  hours  of  the  day,  is  incorrect.  The  pupils  are  usually  some- 
what dilated,  but  react  to  light,  and  the  field  is  often  irregularly 
contracted.  The  color  sense  is  frequent ly  disturbed,  and  colored 
vision  may  exist. 

A cure  usually  follows  removal  of  the  cause,  but  relapses  are 
frequent.  Protection  of  the  eye?  against  bright  light  and  the  use 
of  tonic  medicines  comprise  the  treatment  of  this  affection. 

Hemeralopia.  Day  blindness  is  a form  of  retinal  hyperaesthesia 
in  which  vision  is  dimink  hed  during  ordinary  daylight,  but  is  good 
in  a dim  light.  It  may  be  caused  by  exposure  to  bright  light,  espe- 
cially by  light  reflected  from  glistening  snow  or  ice.  An  important 
contributing  cause  is  eyestrain  from  refractive  errors.  Intense  photo- 
phobia is  sometimes  present,  as  well  as  the  phenomena  called  phos- 
phenes,  which  consist  of  subjective  symptoms  characterized  by  the 
appearance  of  highly  luminous  moving  clouds,  rings,  or  streaks, 
and  dazzling  sensations.  The  condition  may  exist  as  one  of  other 


1 Tt  e c(  rm  nyctalopia  is  often  used  to  indicate  day  blindness,  and  hemeralopia  to  indicate  night 

Mint  .ness.  The  true  meaning  of  the  words,  however,  seems  to  be  as  above  used. 
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congenital  defects,  such  as  albinism  or  coloboma  of  the  iris  or 
choroid. 

The  use  of  tinted  glasses,  but  especially  the  careful  correction  of 
refraction,  will  eventually  cure  the  affection. 

Snow  Blindness.  This  may  take  the  form  either  of  day  blindness 
or  night  blindness,  and  follows  exposure  to  the  sun’s  rays  reflected 
from  snow  fields.  It  is  accompanied  often  by  inflammation  of  the 
conjunctiva  or  cornea,  intense  photophobia,  and  spasm  of  the  lids, 
although  it  may  not  be  accompanied  by  inflammatory  conditions. 
It  begins  by  a gradual  or  rapid  darkening  of  the  visual  field,  and 
continues  as  long  as  the  eyes  are  exposed  to  glaring  light.  Pro- 
tection of  the  eyes  against  the  bright  light  by  means  of  smoked-glasses, 
or  otherwise,  relieves  the  condition. 

A condition  somewhat  similar  to  the  foregoing  is  met  with  some- 
times in  persons  who  are  employed  in  the  care  of  the  electric  arc 
light,  the  intense  light  of  which  has  an  injurious  effect  on  the  eye 
structures. 

Micropsia,  Megalopsia,  Metamorphopsia.  In  micropsia  the  con- 
dition of  vision  is  such  that  objects  look  too  small;  in  megalopsia 
they  look  too  large;  and  in  metamorphopsia  they  appear  distorted. 

One  or  all  of  these  conditions  may  be  present  when  the  retinal 
rods  and  cones  are  displaced  by  exudate  or  other  cause.  If  the 
retinal  elements  are  pushed  asunder,  so  that  the  images  which  fall 
on  the  retina  cover  fewer  elements,  the  objects  seen  will  appear  smaller 
than  they  are;  if  the  retinal  elements  are  pressed  together,  the  oppo- 
site condition  exists,  and  it  is  evident  that  distortion  of  objects  may 
appear  from  disturbance  of  the  order  of  the  rods  and  cones.  These 
conditions  of  vision  are  made  out  best  by  causing  the  patient  \o  look 
at  a set  of  parallel  lines  drawn  on  a surface  and  held  n°ar  a,t  hand, 
when,  if  the  central  lines  appear  bent  toward  each  other  at  the  point 
of  fixation,  micropsia  with  metamorphopsia  appears,  while  if  the 
lines  seem  bent  apart  at  this  point,  megalopsia  exists. 

Paresis  of,  or  weakened  accommodation,  whether  resulting  from 
disease,  or  produced  artificially  by  drugs,  has  the  effect  of  causing 
near  objects  to  appear  smaller  than  is  natural.  The  psychic  effect 
of  the  increased  effort  of  accommodation  inquired  to  see  the  object 
distinctly  is  to  give  the  impression  of  a much  smaller  object.  In 
hysteria  objects  sometimes  appeal'  too  large  or  too  small. 

Metamorphopsia  may  be  caused  by  irregularities  in  the  curvature 
or  density  of  the  refracting  media  of  the  eye. 

Erythropsia.  This  is  a condition  characterized  by  saturation,  of 
the  field  of  vision  with  a certain  color,  and  may  be  due  to  coloring 
matter  in  the  dioptric  media  or  anterior  layers  of  the  retina.  It  is 
sometimes  seen  durir  g the  occurrence  of  icterus,  and  is  then  probably 
due  to  the  presence  in  the  eye  structure  and  fluids  ol  bile  pigments. 
Colored  vision  is  often  noted  after  cataract  extraction,  in  which  case 
the  color  of  the  field  is  complementary  to  the  color  of  the  light  which 
the  eye  saw  through  the  cataractous  lens.  That  is,  the  color  of  a 
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cataractous  lens  is  usually  yellowish,  and  it  transmits  light  of  this 
color,  so  that  after  the  yellowish  lens  is  removed  the  eye  sees  white 
light  as  bluish  in  color/  This  condition  disappears  in  the  course  of 
time  and  demands  no  treatment.  Red  vision  sometimes  follows 
exposure  of  the  eyes  to  strong  light.  • 

Gazing  at  the  sun  through  a telescope  having  a colored  glass  behind 
the  eye-piece  is  followed  by  colored  vision  persisting  for  days,  the 
color  seen  being  complementary  to  the  color  of  the  glass  behind  the 
eye-piece.  The  ingestion  of  certain  drugs,  such  as  cannabis  indica, 
santonin,  amyl  nitrite,  picric  acid,  osmic  acid,  and  some  others  is 
often  followed  by  colored  vision.  Coffee  is  said  sometimes  to  cause 
red  vision. 


CHAPTER  XIII. 

THE  EYE  IN  ITS  RELATION  TO  GENERAL  DISEASES.1 

By  C.  F.  CLARK,  M.D. 


CONSTITUTIONAL  DISEASES. 

Anaemia  is  secondary  to  so  many  and  such  diverse  pathological 
conditions  that,  in  considering  its  relation  to  leases  ot  the  eyes h* 
is  necessary  to  observe  caution  to  avoid  confusing  the  effects  of  t 
anaemia  proper  with  those  of  the  disease  upon  which  it  depends  , and, 
even  if  we  exclude  the  primary  or  essential  anaemias  (chlorosis  and 
idiopathic  or  progressive  pernicious  anaemia),  there  is,  proba  y,  no 
one  constitutional  condition  which  more  frequently  has  a part  in  pro- 
ducing the  various  forms  of  asthenopia,  the  consideration  of  which 
occupies  so  much  of  the  time  of  the  ophthalmic  surgeon 

No  subject  pertaining  to  the  complex  relation  which  exists  between 
the  eye  and  general  diseases  can  be  of  greater  importance  to  the 
physician  than  that  which  concerns  the  functional  reflex  disturbances 
so  often  seen  in  patients  who  have  errors  of  refraction  and  are  at  the 

oq me  time  more  or  less  anaemic.  . _ x , 

There  exists  little  doubt  in  the  mind  of  the  writer  that  the  ear  y 
and  judicious  use  of  those  means,  hygienic  dietetic,  and  medicinal, 
which  tend  to  overcome  anaemia,  could,  in  a large  numbe;  of  instances, 
delay  for  many  years  the  necessity  for  correcting  the  low  grades i of 
hyperopia  and  astigmatism  which  are  so  important'  a feature  in  t 
practice  of  ophthalmology  as  we  see  it  in  America 

The  general  asthenia  which  accompames  die  anaemic  state  mam 
fests  itself  as  asthenopia,  and  this  may  be  conjunctival,  ciliary,  mus- 
cular or  retinal.  It  not  infrequently  happens  that  after  a prolonged 
struggle  on  the  part  of  the  ophthalmic  surgeon  to  correct  properly 
hyperopia,  astigmatism,  and  muscular  imbalance  by  means  of  spheri- 
cal cylindrical,  and  weak  prismatic  lenses,  and  to  relieve  obscure 
reflex  symptoms,  such  as  headache,  etc.,  apparently  due  to  eyestrain 
and  obstinate  photophobia  and  conjunctival  irritation,  by  appropriate 
treatment,  it  is  found  that  large  doses  of  a ferruginous  tonic  and  a 
properly  regulated  life,  with  an  abundance  of  out-of-door  exercise, 
bring  about  comole  ie  relief  from  all  the  distressing  symptoms  ren- 
dering glasses  for  the  time  being  unnecessary.  On  the  other  hand, 

, The  author  wishes  to  acknowledge  his  indebtedness  to  Dr.  W.  X.  Rogers  for  the  valuable  assist- 
ance afforded  hi m i n collecting  material  for  the  following  chapter.  g83 
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it  frequently  happens  that  all  of  the  best  directed  plans  of  general 
treatment  completely  fail  when  they  are  not  supplemented  by  the 
most  painstaking  correction  of  all  such  errors  of  refraction  and  muscle 
imbalance. 

An  ideal  life  is  seldom  possible  to  our  patients,  and  the  practical 
problem  which  faces  the  general  practitioner,  as  well  as  the  ophthalmic 
surgeon,  in  dealing  with  such  cases  is,  How  shall  we  afford  relief  to 
the  symptoms  of  which  they  complain,  and  still  allow  them  to  con- 
tinue to  live  the  life  and  follow  the  pursuits  which  seem  necessary 
to  them?  Under  these  circumstances  it  is  essential  not  only  to 
correct  all  errors  of  refraction  and  imbalance,  but  also  to  treat  the 
anaemia  which  renders  them  a more  active  source  of  disturbance. 

In  simple  anaemia,  even  when  profound,  the  ophthalmoscopic  ap- 
pearances are  often  negative.  In  some  cases  we  find  pallor  of  the 
disk  and  under-filled  bloodvessels.  When  sufficiently  prolonged  to 
produce  wasting,  the  eyeball  may  become  somewhat  sunken  in  the 
orbit. 

Congestion  of  the  conjunctiva  accompanied  by  dryness  is  some- 
times noted,  and  it  is  not  uncommon  in  the  writer’s  experience  to  find 
cases  of  what  would  be  classed  as  palpebral  conjunctivitis,  in  which 
there  is  a sensation  of  the  presence  of  dust  particles  in  the  eyes,  yield 
only  after  the  anaemia  has  been  relieved  by  treatment. 

There  are  accidental  conditions  that  may  give  rise  to  a number 
of  eye  symptoms  in  well-marked  cases,  even  when  not  of  such  a 
character  as  to  justify  the  term  pernicious  anaemia — cedena  of  the 
lids,  extravasation  of  blood  appearing  suddenly,  generally  at  night, 
beneath  the  bulbar  conjunctiva,  and,  at  times,  even  small  retinal 
hemorrhages. 

In  speaking  of  pernicious  anaemia,  Knies,  quoting  Fraenkel,1  men- 
tions parenchymatous  changes  in  the  externa1  ocular  muscles.  They 
were  pale  and  clay-colored,  with  partial  absence  of  the  transverse 
striations,  and  the  fibres  were  filled  with  a yellow  or  brown  pigment, 
or  were  finely  granular,  some  fibres  being  narrow  and  waxy. 

Occasionally  in  this  condition  we  may  have  even  neuritis  or  retro- 
bulbar neuritis,  followed  by  atrophy  c*  the  optic  nerves.  In  chlorosis 
eye  symptoms  present  themselves  of  a character  similar  to  those  of 
anaemia;  but,  unlike  pernicious  anaemia,  chlorosis  is  not  accompanied 
by  retinal  hemorrhage. 

Leukaemia.  In  this  fata!  disease  eye  symptoms  may  or  may  not 
be  present.  In  the  acute  stage  hemorrhages  into  the  lids  or  con- 
junctiva may  appear,  md  they  are  seen  also  at  times  as  a late  mani- 
festation. Neoplasms  of  leukaemic  origin  may  develop  in  the  orbit, 
though  this  is  an  extremely  rare  occurrence,  and  involvement  of  the 
lacrymal  glands  and  lids  has  been  reported.  Occasionally  the  iris 
and  chorou1  ase  involved ; in  the  former,  circumscribed  tumors  some- 
times aoptaring  before  the  lymphatic  and  splenic  enlargements,  and 


1 Deutsche  Arch.  f.  klin  Med.,  xx. 
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certain  cases  present  the  appearance  of  chronic  iritis  with  flocculent 
opacities  of  the  vitreous  (Berger). 

Hemorrhages  and  exudations  into  the  choroid  and  optic  nerve 
have  also  been  observed,  although  the  most  frequent  seat  of  such 
lesions  is  the  retina,  where  one  may  sometimes  see  bright  areas 
of  degeneration.  Poncet  has  shown  how  vasculai  degeneration 
makes  hemorrhage  possible,  and  de  Schweinitz  describes  the  white 
spots  with  red  borders  which  make  their  appearance  in  the  macular 
region  and  also  near  the  equator.  These  spots  are  said  to  consist 
of  leucocytes  surrounded  by  red  corpuscles.  “In  some  cases  the 
orange-red  color  of  the  fundus  is  masked  by  a fine,  striated,  grayisi 
veil,  due  to  opacity  of  the  superficial  covering  of  the  retina”  (Berger). 

Although  albumin  may  be  present  in  the  urine  in  leukaemia,  the 
bright  white  areas  of  infiltration  need  not  mislead  one  who  takes  into 
account  the  other  general  manifestations  of  the  disease,  especially  the 
microscopic  appearance  of  the  blood. 

Rhachitis.  Whether  due  to  rhachitis  or  some  other  concomitant 
dyscrasia,  interstitial  keratitis  and  phlyctenular  conjunctivitis  and 
keratitis  are  observed  in  rhachitic  subjects.  Lamellar  or  zonular 
cataracts,  either  congenital  or  forming  in  early  childhood,  in  which 
we  find  alternate  layers  of  opaque  and  transparent  lens  tissue,  depend 
for  their  development  upon  constitutional  diseases  which  interfere 
temporarily  or  periodically  with  the  nutrition  of  the  lens,  and  their 
formation  is  analogous  to  and  at  times  associated  with  corresponding 
interruptions  in  the  formation  of  the  enamel  of  the  teeth.  . 

Hereditary  syphilis,  scrofula,  and  rhachitis  have  all  been  assigi  led 
as  causes  of  this  interference  with  the  regular  process  of  development, 
but  it  is  to  the  prolonged  and  violent  convulsions  accompanying  the 
last-named  disease,  and  occurring  during  the  period  of  ac+ivo  develop- 
ment of  the  lens  cells,  that  the  majority  of  authorities  a ttribute  this 
form  of  cataract.  While  quite  generally  accepted , cons.df  rable  doubt 
is  thrown  upon  this  theory,  so  far  as  the  convulsions  are  concerned, 
by  the  fact  that  prolonged  infantile  convulsions  sc  frequently  occur 
without  the  development  of  cataract,  and  +hi  additional  fact  that 
in  so  large  a proportion  of  cases  no  history  of  convulsions  can  be 

6 ' Haemophilia.  This  condition,  so  little  understood,  causes  disease  of 
the  eye  far  less  frequently  than  would  be  expected.  _ Priestley  Smith 
has  reported  one  case  of  orbital  hemorrhage  following  an  injury  in 
a “bleeder,”  and  Haab  states  that  retinal  hemorrhage  in  the  form 
of  retinitis  proliferans  has  Leon  observed.  Surgical  procedures  in 
such  cases  are  to  be  avoici-d  when  it  is  possible,  and  especially  those 

involving  the  use  of  the  knife.  -nr  ,, 

The  writer  has  removed  without  accident  a papilloma  trom  the 
conjunctival  sac  by  m=ans  of  a ligature  in  a pronounced  haemophiliac. 

Addison’s  Distaf  3.  Aside  from  the  asthenopia  which  naturally  ac- 
companies a disease  characterized  by  marked  general  weakness,  the 
eyelids  may  share  in  the  general  bronzing  of  the  skin  of  the  face,  and 
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there  is  apt  to  be  jaundice  of  the  conjunctiva,  while  Schroetter1  saw 
patches  on  the  sclera. 

Myxoedema.  This  disease  may  make  its  appearance  first  in  the  skin 
of  the  eyelids.  Amblyopia  has  been  reported,  and  Wadsworth  saw 
one  case  with  atrophy  of  the  optic  nerve  involving  both  eyes. 

With  general  alopecia  there  is  falling  of  the  eyelashes,  arid  this 
as  well  as  the  failure  of  accommodation  and  concentric  limitation  of 
the  visual  field,  which  may  occur  without  apparent  atrophy  of  the 
optic  nerve,  has  been  known  to  improve  or  disappear  under  treat- 
ment with  thyroid  extract. 

Diabetes.  Diabetes  Mellitus.  Probably  no  other  constitutional 
disease  produces  a greater  variety  of  ocular  manifestations  than 
diabetes,  and  yet  in  its  milder  forms  it  may  be  present  for  a long 
time  without  evidence  of  its  existence  being  apparent  in  the  eyes. 
In  temporary  toxic  and  traumatic  glycosuria,  notwithstanding  the 
presence  of  large  quantities  of  sugar  in  the  urine,  the  eyes  are  not 
affected  (Knies),  which  would  tend  to  confirm  the  theory  that  the 
presence  of  the  sugar  is  not  the  direct  cause  of  many  of  the  symptoms. 

Among  those  who  support  the  various  theories  of  the  etiology  of 
this  interesting  disease  there  seems  to  be  a general  agreement  on 
one  point,  and  that  is,  that  the  underlying  cause  is  some  profound 
disorder  of  the  nervous  system. 

Undoubtedly  many  of  the  ocular  manifestations  at  times  attributed 
to  diabetes  are  accidental  or  indirect  effects;  but  when  it  is 
so  far  advanced  that  assimilation  is  seriously  interfered  wnh  and 
evidences  of  auto-intoxication  present  themselves,  we  find,  as  in 
albuminuria,  the  most  profound  changes  in  almost  e'rery  portion  of 
the  eye,  and,  while  it  is  to  the  condition  of  the  crystalline  lens  and 
retina  that  attention  generally  is  directed,  the  external  ocular  muscles, 
the  cornea,  the  iris  and  ciliary  body,  the  lens  the  vitreous  and  the 
choroid,  retina,  and  optic  nerve  may  all  be  affected. 

In  advanced  cases  we  may  have  a somewhat  intractable  form  of 
eczema  of  the  edges  of  the  lids,  and  theie  is  also  a tendency  at  times 
to  the  formation  of  furuncles. 

Many  instances  have  been  reco"d:d  of  diabetic  paralysis  of  the 
external  ocular  muscles,  any  of  vhich  may  be  affected;  and  Leber  has 
pointed  out  that  such  paralysis  may  be  due  directly  or  indirectly 
to  diabetes  or  may  result  fi  om  the  cerebral  disease  on  which  it  depends. 
While  some  authorities  stale  that  paralysis  more  commonly  affects 
the  branches  of  the  oculomotor,  Hirschberg  and  Lawford  agree  that 
in  their  experience  tue  sixth  is  affected  more  frequently.  Unilateral 
ptosis,  from  panri  y'sis  of  the  third,  and  lagophthalmos  from  involve- 
ment of  the  facial,  are  seen  occasionally. 

The  paralysis  may  in  the  more  advanced  stages  be  permanent;  or 
it  may  fcp  bright  and  temporary  in  character  in  those  cases  in  which 
the  con stii utional  malady  yields  to  treatment.  Nuclear  and  periph- 
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eral  hemorrhages  and  toxic  peripheral  neuritis  have  been  assigned 
as  the  causes  of  paralysis  of  the  external  ocular  muscles  and  to  the 
latter  cause  Knies  assigns  the  frequent  neuralgias  and  occasional 
anaesthesias  and  sensory  disturbances  which  are  seen  in  diabetic 
patients.  He  calls  attention  also  to  the  fact  that  a peripheral  neuritis 
of  diabetic  origin  may  cause  herpes  zoster  ophthalmicus,  and  that 
the  anaesthesia  of  the  first  branch  of  the  trigeminus  may  give  rise  to 

neuroparalytic  keratitis.  _ . . ,. 

As  in  other  diseases  causing  marked  impairment  of  nutrition,  dia- 
betes in  its  terminal  stages  sometimes  causes  destructive  keratitis. 

Diabetic  iritis  is  by  no  means  uncommon,  as  was  established  by 
Leber  in  1885,  and  has  been  confirmed  by  many  writers  smce  that 
time.  ’ Hutchinson  states  that  in  his  experience  it  generally  occurred 
in  patients  who  were  also  the  subjects  of  gout.  As  a complication  of 
operations,  such  as  cataract,  diabetic  iritis  is  not  only  very  intract- 
able but  also  not  very  uncommon.  Iritis  in  diabetes  is  generally  of 
the  plastic  type;  but,  with  the  exception  of  cases  following  operations, 
is  not  usually  severe.  When  there  is  exudation  it  is  generally 
fibrinous  in  character,  and  may  entirely  block  the  pupil,  m some 
instances  being  associated  with  hypopyon  and  hyphiemia.  yc  1 is 
is  seen  occasionally,  and  is  followed  by  degenerative  changes  m the 

That  cataract  occurs  as  a result  of  diabetes  is  conceded  by  all 
authorities,  but  there  is  some  difference  of  opinion  as  to  how  it  is 
produced  When  occurring  in  elderly  subjects  of  diabetes  the  pos- 
sibility of  its  being  a mere  coincidence  should  be  borne  in  mind;  b it 
while  it  may  occur  at  almost  any  age,  diabetic  cataract  is  often  seen 
in  quite  young  people,  several  instances  being  recorded  in  patients 

ranging  in  age  from  eleven  to  fifteen  years.  . , , 

The  proportion  of  individuals  with  diabetes  who  develop  cataract 
has  been  variously  estimated  at  from  4 to  25  per  ceid  , the  lat  er 
being  the  result  of  von  Graefe’s  observations.  . , , 

It  is  questionable  whether  it  is  ever  possible  o distinguish  by  a 
physical  examination  between  a cataract  due  tc  uiabetes  and  on 
due  to  other  causes,  although,  as  they  often  appear  in  relatively  young 
people,  they  are  apt  to  be  soft,  usually  developing  rapidly,  and  are  at 
times  preceded  by  almost  visible  swelling  of  the  lens.  They  may 
appear  in  cases  in  which  the  general  nutrition  has  been  only  slightly 
affected  as  well  as  in  those  in  whom  there  is  great  emaciation,  and 
there  is  great  difference  of  opinion  as  to  the  mode  of  development. 
The  majority  of  the  elaborate  theories  advanced  to  account  for  the  pro- 
duction of  cataract  in  diabefet,  are  easily  proved  to  be  unworthy  oh  con- 
sideration, and  this  applies  especially  to  the  theory  that  the  opacity 
L in  some  way  due  to  the  chemical  effect  of  the  sugar  which  is  found 
in  the  substance  of  the  lens.  This  theory  proves  too  muchforsugar 
has  been  found  in  the  lens  in  two-thirds  of  the  cases  of  diabetes,  and 
still  more  frequently  in  the  aqueous  humor  and  vitreous,  it  is 
probable  that  Knies  is  correct  when  he  states  that  diabetic  cataract 
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develops  under  the  same  conditions  as  spontaneous  cataract,  as  the 
result  of  disturbances  in  the  choroid,  and  particularly  in  the  ciliary 
processes,  which  furnish  the  nutritive  supply  to  the  lens.  Toxic 
substances  circulating  in  the  blood,  and  not  “the  harmless  sugar, ” 
set  up  the  diseased  condition  of  the  uveal  tract,  which  in  turn  pro- 
duces the  cataract. 

Several  writers  have  cited  cases  of  diabetes  in  which  the  lenticular 
opacities  have  disappeared  when  the  general  condition  improved 
under  treatment,  proving  that  such  opacities  were  not  the  result  of 
complete  degeneration  of  the  lens  fibres. 

Before  operating  for  the  extraction  of  cataract  in  the  case  of  a 
diabetic  patient,  it  is  well  that  some  dietetic  and  constitutional  treat- 
ment be  inaugurated  to  improve  his  general  condition.  After  observ- 
ing this  precaution  and  providing  the  condition  of  the  other  struc- 
tures of  the  eye  does  not  contraindicate  it,  the  operator  may  proceed 
with  reasonable  assurance  of  success. 

Limitation  of  the  power  of  accommodation  is  a well-recognized 
symptom  not  infrequently  met  with  in  even  mild  cases  of  diabetes, 
and  the  early  development  of  presbyopia  should  always  lead  to 
examination  of  the  urine.  This,  as  well  as  the  occasional  mydriasis, 
is  attributed  by  some  to  the  general  muscular  weakness,  by  others  to 
a peripheral  neuritis  or  to  hemorrhages,  while  still  others  consider 
that  it  is  due  to  toxic  substances  circulating  in  the  blood. 

Diabetic  myopia  has  been  reported  from  time  to  time,  and  vdiile  in 
some  instances  it  is  apparently  due  to  other  causes,  ir  a large  pro- 
portion of  cases  it  is  probably  due  to  swelling  of  the  crystalline  lens 
in  the  early  stages  of  a diabetic  cataract.  Myopia  developing  in 
patients  past  forty  or  fifty  years  of  age  should  always  suggest  an 
examination  of  the  urine. 

One  case  of  acquired  hypermetropia  was  rej  orted  by  Horner1  in  a 
patient  fifty-five  years  of  age  who  had  severe  diabetes.  The  hyper- 
metropia diminished  when  the  diabetic  condition  improved  under 
treatment.  This  case  seems  to  be  unique,  and  is  difficult  to  account 
for. 

Retinitis,  while  seldom  seen  early  in  the  course  of  diabetes,  is  of 
frequent  occurrence  in  the  terminal  stages,  presenting  itself  in  an 
exudative  or  hemorrhagic  form,  or  with  exudations  and  hemorrhages 
combined.  Appearing  at  a period  in  the  course  of  the  disease  when 
degenerative  changes  in  the  vessel  walls  are  present  in  other  parts 
of  the  body,  as  wel1  as  in  the  eye,  it  is  not  strange  that  the  glycosuric 
form  is  sometimes  seen  in  association  with  albuminuric  retinitis.  In 
the  exudative  form  there  are  apt  to  be  small,  light,  shining  patches 
with  minute  hemorrhages,  but  swelling  of  the  retina  and  involvement 
of  the  nerve  are  not  characteristic,  as  in  albuminuria.  Hemorrhages, 
either  m the  small  punctate  form  or  larger  and  of  sufficient  extent 
to  lead  to  the  formation  of  vitreous  opacities,  are  frequently  seen. 


1 Klinische  Monatsblatter  fur  Augenheilkunde,  1873,  S.  490. 
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Several  writers  have  reported  cases  of  hemorrhagic  glaucoma  and 
while  small  hemorrhages  are  seen  frequently  in  cases  which  yield  for 
a time  to  treatment,  extensive  retinal  hemorrhages  of  diabetic  origin 
are  of  the  gravest  prognostic  significance. 

Among  the  rarer  results  of  diabetes  we  sometimes  have  choked  disk, 
neuritis,  and  neuroretinitis,  with  secondary  atrophy. 

Ambtyopia  and  amaurosis,  which  are  referred  to  elsewhere,  are  also 
occasionally  seen  in  the  course  of  diabetes.  With  such  amblyopia 

we  may  find  central  scotoma  for  red.  _ 

Diabetes  Insipidus.  As  a result  of  or  associated  with  diabetes 
insipidus,  a number  of  writers  have  reported  hemianopsia,  epileptoid 
attacks,  optic  neuritis,  and  symptoms  of  cerebral  tumor;  but  it  is 
probable,  as  Knies  has  suggested,  that  in  these  cases  the  polyuria  was 
only  an  incidental  effect  of  a lesion  in  the  floor  of  the  fourth  ventricle, 
which  was  the  real  cause  of  the  symptoms  referred  to.  _ 

Hemorrhagic  retinitis  is  said  to  have  been  found  in  diabetes  in- 

* Graves’  or  Basedow’s  Disease  (Exophthalmic  Goitre).  Palpi- 
tation or  irregular  action  of  the  heart,  enlargement  of  the  thyroid 
gland,  and  protrusion  of  the  eyeballs  are  the  characteristics  of  this 
disease,  although  in  the  early  stages  one  or  more  of  these  symptoms 
may  be  absent.  In  well-marked  cases  the  diagnosis  will  force  itselt 
upon  the  most  unobserving,  but  it  is  in  the  early  stages  and  atypical 
cases  that  its  recognition  is  of  the  greatest  value. 

Actual  protrusion  of  the  eyeballs  in  advanced  cases  is  a.  most 
marked  symptom;  but,  as  the  writer  has  had  occasion  to  verify  bv 
actual  measurement  in  a number  of  instances  in  mild  cases,  this  s 
often  only  apparent.  Stellwag  has  described  the  persistent  slight 
retraction  of  the  upper  lids,  and  von  Graefe  the  lagging  of  ti.°  uppei 
lid,  which  is  often  observed  in  looking  downward.  This  latter,  von 
Graefe’s  symptom,  which  may  for  a long  time  be  the  oi.'y  symptom 
of  the  disease,  was  absent  only  twelve  times  in  six  hundred  and 
thirteen  cases  investigated  by  Sharkey.1  The  retraction  of  the  lids, 
which  is  so  constant  an  effect  of  the  instillation  ot  cocaine  and  to 
which  Roller  has  called  attention,  suggests  the  early  stages  of  Graves 
disease,  and  apparently  is  due  also  to  a direct  stimulation  ot  the 
sympathetic  nerves  supplying  the  orbital  muscles. 

” The  extreme  protrusion  of  the  e;  emails  seen  in  advanced  cases 
is  attributed  by  some  authorities  to  spasmodic  contraction  of  the 
unstriped  muscular  fibres  found  in  the  orbit,  but  the  majonty  o 
writers  refer  it  to  dilatation  of  the  orbital  arteries  producing  an  undue 
development  of  the  fatty  and  connective  tissue.  It  is  a significant 
fact,  however,  that  the  excohthalmos  often  diminishes  after  death. 

The  most  serious  consequences  so  far  as  the  eye  is  concerned  some- 
times result  from  exposure  of  the  cornea  due  to  this  protrusion  of 
the  eyeball,  which  may  not  be  closed  even  during  sleep,  and  these 


i British  Medical  Journal,  October  25, 1890. 
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seem  to  be  the  more  serious  the  more  rapidly  the  eye  is  pressed  for- 
ward. Corneal  ulcers,  resulting  in  nebulae  or  going  on  to  sloughing, 
sometimes  occur,  and  yield  only  when  they  are  recognized  early  and 
treated  with  the  greatest  care  by  thoroughly  suturing  the  lids,  and 
thus  affording  protection. 

Rarely  diplopia  and  even  marked  paralysis  of  one  or  more  of  the 
external  ocular  muscles  has  been  observed,  and  sometimes  there  is 
severe  pain  in  the  eyes,  with  profuse  scalding  lacrymation. 

The  pupils  respond  well  to  direct  illumination  and  contract  on 
convergence,  although  moderate  dilatation  and  irregularity  are  some- 
times observed. 

Auscultation  over  the  orbit  sometimes  will  elicit  a distinct  vascular 
murmur,  similar  to  the  placental  bruit. 

Exophthalmos,  while  generally  seen  on  both  sides,  is  not  very  infre- 
quently unilateral,  and  often  varies  in  degree  in  the  two  eyes,  and 
Knies  calls  attention  to  Hack's1  interesting  observation  that  the 
exophthalmos  on  one  side  has  been  known  to  disappear  after  the 
mucous  membrane  of  the  nose  on  that  side  had  been  cauterized ; and 
Bolose2  has  obtained  the  same  result.  A few  other  similar  cases 
have  been  reported,  but,  as  Knies  remarks,  they  are  exceptional. 

Iritis  is  not  uncommon  in  severe  cases,  and  epiphoria  often  is 
marked.  Nystagmus  and  tremor  of  the  eyelids  are  sometimes  ob- 
served, and  a degree  of  corneal  insensibility  is  of  frequent  occurrence, 
which,  as  Knies  has  remarked,  accounts  for  the  inf  requeue}'  of  the 
winking  movements  in  many  cases  of  Graves'  disease. 

Atrophy  has  at  times  been  observed  in  extreme  Cctsos  as  a result 
of  stretching  of  the  optic  nerves,  but  ophthalmoscopic  findings  are 
rare,  consisting  of  pulsation  of  the  retinal  veins  and  rarely  of  the 
arteries. 

As  severe  cases  of  Graves'  disease  are  apt  to  be  accompanied  by 
amemia  and  neurasthenia,  it  is  natural  that  with  headache  and  vertigo 
we  should  often  find  all  of  the  direct  and  reflex  symptoms  which 
accompany  muscular  and  ciliary  arthenopia  due  to  other  causes, 
especially  if  there  is  a coexisting  error  of  refraction.  In  Graves' 
disease  the  visual  fields  are  at  times  concentrically  contracted,  while 
the  central  vision  and  color  sense  may  or  may  not  be  impaired. 

Goitre,  owing  to  pressuie  upon  the  veins  of  the  neck,  at  times 
causes  disturbance  in  the  vascular  structures  of  the  eyes  by  venous 
stasis.  The  author  ha^  seen  one  case  in  which  he  was  convinced  of  a 
causative  relation  existing  between  goitre  and  a central  choroido- 
retinitis. 

General  glandular  enlargement,  or  polyadenitis,  has,  at  least  in 
one  instance  reported  by  Konigstein,  been  accompanied  by  a number 
of  small  tumefactions  along  the  optic  nerve  and  the  motor  oculi, 
with  extensive  neuroretinitis  and  total  unilateral  ophthalmoplegia 
externa. 


1 Deutsche  med.  Woch.,  1885,  No.  25. 
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DISEASES  OF  THE  DIGESTIVE  SYSTEM. 

Diseases  of  the  intestinal  tract  and  the  associated  organs  are  not 
infrequently  the  cause  of  diseases  of  the  eyes,  although  undoubtedly 
their  importance  in  this  connection  has  at  times  been  exaggerated. 
This  is  especially  true  of  the  disorders  appearing  during  the  period  of 
dentition,  to  which  all  the  ills  of  infancy  are  attributed  so  frequently. 

During  the  period  of  eruption  of  the  deciduous,  and  less  frequently 
of  the  permanent,  teeth,  and  later  as  a result  of  the  various  forms 
of  caries  and  other  diseases  producing  irritation  of  the  terminal  fila- 
ments of  the  fifth  nerve,  we  may  have  most  marked  reflex  symptoms 
of  the  eyes;  but,  as  suggested  above,  in  their  zeal  for  finding  a plaus- 
ible explanation  of  obscure  phenomena,  both  physicians  and  parents 
often  seem  to  forget  that  there  is  such  a thing  as  coincidence  without 
the  relation  of  cause  and  effect.  Neurotic  manifestations,  such  as 
nictitation,  mydriasis,  myosis,  relaxation,  and,  more  frequently,  spasm 
of  accommodation,  and  even  disturbances  of  the  external  ocular  mus- 
cles, such  as  insufficiency  leading  in  some  cases  to  diplopia,  are  un- 
doubtedly relieved  at  times  by  the  removal  or  treatment  of  a carious 
tooth.  Whether  these  symptoms  are  due  to  a true  reflex  irritation, 
or  the  result  of  a lack  of  sufficient  innervation  during  the  existence  of 
pain  in  the  tooth,  must  be  determined  by  a study  of  each  case. 

The  writer  was  strongly  impressed  with  the  importance  of  this  asso- 
ciation by  the  result  obtained  in  the  case  of  a patient  who,  after 
general  medicinal  treatment  extending  over  a period  of  many  months, 
was  completely  relieved  of  the  most  distressing  symptoms  ot  dys- 
pepsia accompanied  by  gaseous  distention  and  insomnia,  by  tne 
adjustment  of  a 2°  prism  base  in  on  each  eye,  for  the  cor rection  of 
insufficiency  of  the  internal  recti.  This  relief  continued  for  almost 
a year,  when,  without  other  cause  which  he  could  discover,  he  found 
the  symptoms  all  returning,  and,  as  the  most  critical  examination 
failed  to  reveal  a change  in  either  the  refraction,  presbyopia,  or 
muscular  balance,  it  seemed  that  we  had  exhausted  our  resources. 
The  patient  was  a man  of  fifty  years  of  age,  an  attorney  in  active 
practice,  who  spent  his  days  in  office  work  and  his  evenings  in  reading, 
and  the  failure  to  obtain  relief  was  making  him  most  unhappy,  when 
a friend  suggested  to  him  that  it  would  be  well  to  give  attention  to 
a defective,  “ ulcerated”  tooth  which  was  causing  him  so  little  annoy- 
ance that  my  attention  had  not  been  called  to  it.  This  he  did,  and 
on  the  removal  of  the  source  of  the  dental  irritation  the  gastric  symp- 
toms at  once  and  permanently  disappeared.  This  case  illustrates 
most  completely  the  genera'  principle  that  dental  disease  and  asthen- 
opia resulting  from  muscular  imbalance,  two  absolutely  different 
conditions,  but  in  both  of  which  the  terminal  filaments  of  the  fifth 
nerve  are  involved,  may  produce  the  same  group  of  reflex  nervous 
symptoms  in  a remote  organ. 

Iritis,  kerat  tie,  phlyctenulae,  and  even  glaucoma  have  been  attrib- 
uted to  disease  of  the  teeth;  and  it  is  undoubtedly  the  case  that  an 
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alveolar  abscess,  with  or  without  involvement  of  the  antrum  of  High- 
more,  may  give  rise  to  infectious  processes  in  the  orbit,  lids,  and 
eyeball,  although  such  a relation  is  of  rare  occurrence. 

Serious  gastric  and  gastro-intestinal  disease  leads  frequently  to 
anaemia  and  other  general  diseases,  which,  in  turn,  cause  most  marked 
ocular  symptoms;  but  these  will  be  dealt  with  elsewhere.  In  all  forms 
of  gastro-intestinal  disorders  accompanied  by  violent  vomiting  the 
conjunctiva,  retina,  or  choroid  may  be  the  seat  of  hemorrhage.  This 
is  a source  of  real  danger,  especially  in  those  with  defective  vessel 
walls,  after  operations  involving  section  of  the  eyeball,  and  should 
be  a strong  reason  for  the  avoidance  of  general  anaesthesia,  where 
practicable,  in  such  cases. 

An  irritable  state  of  the  mucous  membrane  of  the  digestive  tract 
is  seen  often  in  children  in  association  with  phlyctenular  conjunctivitis 
and  keratitis,  and  the  correction  of  errors  of  diet  and  regulation  of  the 
alimentary  secretions  are  followed  by  such  immediate  improvement 
that  one  naturally  is  inclined  to  believe  that  there  is  some  association 
between  the  disease  of  the  eyes  and  that  of  the  alimentary  tract 
more  intimate  than  would  be  indicated  by  the  gradual  improvement 
in  the  nutritive  processes  following  such  management  and  treatment. 

Vascular  engorgement  due  to  constipation  and  the  consequent 
straining  at  stool  may,  in  those  with  weakened  vessel  walls,  lead  to 
conjunctival,  orbital,  retinal,  or  choroidal  hemorrhages;  and,  according 
to  Berger,  prolonged  constipation  as  well  as  chronic  diarrhoea  have 
been  assigned  as  a cause  of  acute  glaucoma.  He  also  calls  attention 
to  the  fact  that  prolonged  diarrhoea,  as  in  dysentery  may  result  in 
marked  enfeeblement  of  accommodation,  and  that  in  the  chronic 
diarrhoea  of  infancy  the  addition,  of  an  element  of  infection  to  the 
systemic  depletion  leads  at  times  to  keratomala(  ia. 

In  disease  of  the  liver  accompanied  by  jaundice,  the  discoloration 
of  the  conjunctiva  is  often  noted  before  the  skin  is  stained,  and  may 
remain  after  the  skin  has  cleared. 

Hemeralopia,  subjective  yellow  vision,  analogous  to  that  of  san- 
tonin-poisoning, torpor  of  the  retina,  and  even  keratitis,  may  also 
result  from  hepatic  disease,  and  in  acute  yellow  atrophy,  retinal 
hemorrhages,  due  to  septic  substances  in  the  blood,  are  not  uncommon 
(Knies).  Landolt  believes  that  we  may  trace  a more  or  less  definite 
relation  as  existing  between  cirrhosis  of  the  liver  and  pigmentary 
retinitis,  as  well  as  hemeralopia  without  pigmentation. 

Scintillating  scotoma  and  ocular  migraine,  which  are  considered 
elsewhere,  are  often  associated  with  and  apparently  dependent  upon 
torpor  of  the  lower  bowel,  and  other  disorders  of  the  digestive  system. 

The  peculiar  yellowish  plates  in  the  skin  of  the  eyelids,  known  as 
xanthoma  palpebrarum,  are  associated  frequently  with  disease  of  the 
liver;  am  Toerster,  Seegen,  and  Hlawatschek  report  cases  of  failure 
of  accommodation  and  equatorial  lenticular  opacities  due  to  the  same 
cause.  Intestinal  parasites,  as  is  well  known,  often  cause  dilatation 
of  the  pupils  and  other  reflex  ocular  symptoms. 
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DISEASES  OF  THE  RESPIRATORY  TRACT. 

Diseases  of  the  nose  and  pharynx  are  not  infrequently  the  cause 
of  disease  of  the  eyes,  and  unless  this  fact  is  borne  in  mind,  treat- 
ment is  often  unavailing.  In  many  cases  a source  of  irritation  in 
'the  nose  will  produce  reflex  symptoms  in  the  eyes  which,  although 
they  may  not  lead  to  organic  disease,  are  still  most  distressing.  In 
other  instances  well-defined  organic  lesions  are  produced,  although 
this  is  not  of  as  frequent  occurrence  as  would  be  inferred  from  the 
amount  of  literature  on  the  subject.  In  this,  as  in  many  other 
departments  of  medicine,  there  is  a curious  discrepancy  between  the 
opinions  expressed  by  Continental  and  by  American  observers.  The 
former  are  disposed  to  discredit  many  of  the  reported  cures  of  eye 
disease  by  the  removal  of  sources  of  reflex  irritation  by  operation  and 
treatment  of  the  nose. 

A spur  on  the  septum  or  a septum  so  deflected  as  to  have  its  convex 
surface  in  contact  with  the  adjoining  turbinated  body,  hypertrophy 
of  the  middle  or  even  of  the  inferior  turbinated  body,  or  any  other 
form  of  nasal  disease  or  deformity  which  may  be  accompanied  by 
hypersesthesia  of  the  mucous  membrane  of  the  nose,  may  produce 
reflex  symptoms  in  the  eyes.  These  may  cause  pain  and  photo- 
phobia, lacrymation,  persistent  or  recurring  conjunctival  and  ciliary 
injection,  blepharospasm,  accommodative  or  muscular  asthenopia, 
limitation  of  the  visual  field,  amblyopia,  and  in  those  who  are  pre- 
disposed, may  even  excite  glaucoma.  Cheatam  and  Lennox  Browne 
have  reported  cases  of  glaucoma  in  which  nasal  irritation  served  as 
an  exciting  cause. 

The  intimate  association  existing  between  the  nasopharyngeal  avi- 
ties  and  the  various  structures  within  the  orbit,  including  the  eye, 
is  well  illustrated  by  the  temporary  concentric  narrowing  of  the  visual 
field  which  in  a number  of  instances  has  been  known  to  follow^  the 
use  of  the  galvanocautery  in  treating  diseases  in  the  nasal  cavities. 
Knies  considers  this  as  a form  of  traumatic  hvste  ;a,  and  mentions 
the  fact  that  similar  symptoms  may  result  from  other  painful  pro- 
cedures in  the  neighborhood  of  the  eye,  but  this  explanation  is  scarcely 
consistent  with  the  results  reported  by  Hack1  and  Hopmann,-  in 
which  Graves’  disease  was  cured  by  th^  application  of  the  galvano- 
cautery to  the  nasal  mucous  membrane. 

Rhinitis  in  its  various  forms,  especially  those  associated  with  active 
infective  processes,  is  among  t he  most  frequent  causes  of  disease  of 
the  conjunctiva  and  cornea,  and,  while  the  nasal  duct  is  the  usual 
channel  of  communication,  it  is  by  no  means  impossible  for  germs 
or  their  products  to  be  conveyed  from  the  nose  to  the  eyes  by  other 
means. 

That  it  is  possible,  on  the  other  hand,  for  fluids  containing  mlec- 
tious  material  to  oc  communicated  from  the  eye  to  the  nose  is  well 

1 Deutset-  wee  Woch.,  1886.  No.  25.  2 Jahr.  f.  Augenheilk.,  1885,  p.  473. 
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established.  And,  although,  because  of  tumefaction  of  the  mucous 
membrane  in  infectious  diseases  of  the  conjunctiva,  the  duct  is  often 
occluded,  it  is  probable  that  such  material  not  infrequently  passes 
into  the  nasal  cavity  with  the  tears,  there  to  be  rendered  less  potent 
by  the  secretions  from  the  nasal  mucous  membrane.  . 

The  ease  with  which  fluids  may  reach  the  nose  and  nasopharynx1 
should  always  be  borne  in  mind  when  using  mydriatics  and  other 
substances  in  the  conjunctival  sac;  and  it  should  also  be  remembered 
that  solutions  of  atropine,  as  they  must  frequently  be  used  in  the 
treatment  of  iritis,  contain  in  the  amount  instilled  far  more  than 
the  usual  pharmacopceial  dose  of  that  remedy,  and  it  is  probable 
that  a larger  proportion  is  absorbed  than  is  the  case  when  adminis- 
tered by  the  mouth  in  therapeutic  doses. 

Transmission  of  disease  through  the  nasal  duct  from  the  conjunc- 
tival sac  to  the  nose  is  certainly  extremely  rare,  but  Knies  mentions 
lupus  and  epithelioma  as  having  been  so  transmitted. 

In  acute  catarrhal  conjunctivitis  the  nasal  mucous  membrane  sel- 
dom becomes  secondarily  involved;  but,  on  the  other  hand,  the  con- 
junctiva seldom  escapes  in  an  acute  coryza,  while  in  the  chronic 
forms  of  rhinitis  the  lacrymal  sac  or  conjunctiva  is  very  prone  to 
be  affected  at  some  period,  especially  during  acute  exacerbations 
and  in  the  atrophic  stage,  when  crusts  form  near  the  nasal  orifice  of 
the  duct.  Syphilitic  coryza  is  seldom  transmitted  by  this  channel, 
but  Knapp  has  described  a case  of  lupus  of  the  nasal,  cavity  which 
produced  tubercular  conjunctivitis.  In  many  of  the  infectious  dis- 
eases which  affect  both  the  conjunctiva  and  the  nasal  mucous  mem- 
brane there  seems  to  exist  no  evidence  that  there  lias  been  trans- 
mission from  one  to  the  other.  Even  in  the  case  c f diphtheria  and 
croup  in  which  the  nasal  and,  much  more  rarely,  the  conjunctival 
mucous  membrane  are  involved,  there  seems  to  exist  no  proof  that 
the  path  of  the  infection  has  been  through  the  nasal  duct. 

Atlenoid  vegetations  in  the  vault  of  the  pharynx,  and  hypertrophy 
of  the  pharyngeal  tonsils,  are,  especially  in  children,  frequently  found 
bearing  a causative  relation  to  diseases  of  the  eyes.  There  seems  to 
exist  a somewhat  intimate  relation  between  these  growths  with  their 
associated  conditions,  and  phlyctenular  conjunctivitis  and  keratitis. 

Disease  of  the  fronta1,  ethmoidal,  and  sphenoidal  sinuses  due  to 
inflammation  of  their  lining  membrane  or  occlusion  of  their  outlet, 
accompanied  by  the  accumulation  of  serous,  mucous,  or  purulent 
fluid,  or  the  formation  of  granulation  tissue  or  various  forms  of 
tumors,  may  all  most  profoundly  affect  the  eyes,  and  for  long  periods 
the  nature  of  the  trouble  may  escape  detection. 

Supra-orbital  or,  more  rarely,  infra-orbital  neuralgia,  pressure  symp- 
toms, and  reflex  phenomena,  displacement  of  the  eyeballs  with  ptosis, 
and  disturbed  relations  of  the  extrinsic  ocular  muscles,  may  occur: 
and  in  tne  early  stages,  before  the  development  of  marked  protrusion, 
the  w riter  has  in  two  instances  seen  on  ophthalmoscopic  examination 
i peculiar  parallel  striation  of  the  retina. 
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When  erosion  or  marked  inflammation  of  the  bony  walls  of  the 
orbit  is  present,  we  may  have  an  orbital  cellulitis  or  abscess  accom- 
panied by  chemosis  and  interference  with  corneal  nutrition,  and  con- 
sequent sloughing.  If  the  sphenoidal  sinus  is  involved  to  such  a degree 
as  to  cause  necrosis  of  its  walls,  we  are  apt  to  have  first  disturbance 
of  the  visual  field,  and  later  paralysis  of  the  external  ocular  muscles, 
and  blindness,  from  disease  of  the  optic  nerve,  chiasm,  or  tract. 

Diseases  of  the  ear,  which  may  properly  be  considered  in  connec- 
tion with  the  superior  respiratory  tract,  may  in  rare  instances  produce 
eye  symptoms.  As  illustrations  of  reflex  nervous  phenomena  may 
be  mentioned  blepharospasm,  which  sometimes  occurs  on  irritation 
of  the  external  auditory  meatus,  and  the  nystagmus  which  Pfl tiger 
observed  on  compressing  a polypus. 

Mastoid  disease  or  operations  for  its  relief  may  cause  lagophthal- 
mos by  partial  or  complete  paralysis  of  the  facial  nerve,  although  the 
operative  form  often  recovers.  When  meningitis  or  cerebral  abscess 
occurs,  we  may  have  the  usual  results  in  paralysis  of  the  external 
ocular  muscles,  optic  neuritis,  etc. ; and  Kipp1  and  Pomeroy2  have 
reported  three  cases  of  metastatic  panophthalmitis  in  purulent  otitis 
media. 

Diseases  of  the  larynx,  trachea,  and  bronchial  tubes  are  not  often 
associated  with  disease  of  the  eyes,  although  a number  of  curious  reflex 
phenomena  are  often  observed,  such  as  dilatation  of  the  left  pupil 
accompanying  infiltration  of  the  apex  of  the  left  lung,  and  the  sneezing 
produced  by  opening  the  eyes,  especially  in  cases  of  conjunctivitis 
and  keratitis. 

Bronchitis  and  pneumonia  may  be  accompanied  by  herpes  of  the 
cornea;  and  the  dyspnoea  of  emphysema  is,  as  Knies  has  pointtu  out, 
accompanied  by  stasis  in  the  retinal  veins,  and  at  times  conjunctival 
and  retinal  hemorrhages.  Schmall  has  often  seen  injection  of  the 
fundus,  and  reports  five  cases  of  visible  arterial  pulsation  in  phthisis. 
Neuroretinitis  has  been  reported  in  association  with  pneumonia;  and 
Gowers  describes  a case  of  intense  febrile  bronctrai  catarrh  with 
marked  cyanosis,  which  was  accompanied  by  neuroretinitis  with  enor- 
mous extravasations,  many  of  which  were  regularly  arranged  and 
situated  upon  the  smaller  veins.  The  writer  has,  on  the  other  hand, 
seen  a fatal  apparently  metastatic  pneumonia  develop  in  the  course 
of  panophthalmitis  following  gonorrheal  ophthalmia. 


DISEASES  OF  TH7-  CIRCULATORY  SYSTEM. 

Diseases  of  the  circu'atory  system  manifest  themselves  in  the 
eye  by  hypersemia,  anannia,  oedema,  hemorrhage,  and  the  results  of 
hemorrhage  in  the  conjunctiva,  uveal  tract,  nerve,  and  retina;  and 
when  the  blood  is  r lodifiied  by  disease  or  is  the  bearer  of  effete  material 


1 Auierican  Journal  of  the  Medical  Sciences,  April,  1884. 

i New  England  Medical  Monthly,  January,  1889. 


596 


THE  EYE. 


or  toxins  generated  in  other  portions  of  the  body,  we  may  have  also 
embolism,  thrombosis,  and  various  forms  of  exudate  within  the  cho- 
roid and  retina.  The  peculiar  anatomical  arrangement  of  the  circu- 
lation within  the  eye  should  be  borne  in  mind.  Its  supply  of  blood 
is  derived  from  both  the  internal  and  external  carotid  arteries.  The 
free  anastomosis  of  these  two  systems  and  the  communication  with 
the  opposite  side  of  the  brain  are  such  as  to  provide  well  for  its  nutri- 
tion, even  when  serious  obstruction  exists  in  some  of  the  large  vessels. 
Especial  attention  should  be  directed  to  the  large,  freely  anasto- 
mosing arterial  and  venous  trunks  of  the  tunica  vasculosa  of  the 
choroid,  overlaid  by  the  chorio  -capillaris,  which  affords  nutrition  to 
the  layer  of  rods  and  cones,  or  epithelial  layer,  while  the  terminal 
system  made  up  of  the  central  retinal  artery  and  vein  with  then- 
branches  supplies  the  inner  or  “brain  layer’’  of  the  retina. 

While  there  has  been  in  the  past  a tendency  to  expect  too  much 
of  the  ophthalmoscopic  appearance  of  the  vascular  system  of  the  eye 
in  interpreting  the  phenomena  of  the  general  vascular  system,  and 
especially  the  conditions  existing  within  the  cranial  cavity,  and  while 
its  limitations  as  an  index  of  these  conditions  should  constantly  be 
borne  in  mind,  the  fact  remains  that  when  properly  interpreted  they 

are  of  the  utmost  value.  _ . ... 

In  estimating  the  value  of  ocular  manifestations,  a sharp  distinction 
should  be  drawn  between  those  conditions  observed  in  the  reti  la  which 
are  associated  with  evidences  of  disease  of  the  blo<~>d  itself,  with 
the  accompanying  degeneration  of  the  vessel  walls,  and  those  due 
merely  to  alterations  in  blood  volume  and  blood  pressure..  The  pecu- 
liar conditions  of  the  circulation  within  the  ey“tal  , modified  as  they 
are  by  the  non-elastic  sclerotic  coat,  and  by  the  admirable  arrangement 
by  which  under  ordinary  circumstances  the  lar$,e  trunks  of  the  choroid 
serve  to  regulate  the  pressure  upon  the  visible  retinal  circulation,1 
renders  it  impracticable,  as  has  been  attempted,  to  use  the  retinal 
circulation  as  a means  of  gauging  the  blood  pressure  in  the  vascular 
system  generally,  or  even  in  that  of  the  brain. 

General  anaemia  may  be  accompanied  by  more  or  less  hypenemia 
of  the  eyes,,  and  it  is  onl>  in  extreme  cases  that  variations  of  blood 
pressure,  so  easily  recognized  in  other  portions  of  the  vascular  system, 
can  be  properly  intei  preted  by  means  of  the  ophthalmoscope. 

Hypenemia  of  the  conjunctiva  may  be  present  as  a local  manifes- 
tation where  there  is  a corresponding  condition  of  the  general  circu- 
lation due  to  various  diseases,  but  it  is  not  a very  consistent  sign, 
as  many  cases  of  most  obstinate  conjunctival  hypenemia  accompany 
general  anseruia.  Hypenemia  of  the  retina  and  optic  nerve  is  not 
apt  to  be  found  as  the  result  of  general  plethora,  but  is  more  fre- 
quently of  the  passive  form,  and  accompanies  such  obstructive  con- 
ditions as  asthma  and  emphysema,  and  such  heart  lesions  as  induce 
venous  stasis. 

i It  is  probably  to  a disturbance  of  this  delicate  balance  that  many  of  the  phenomena  of  glaucoma 
arc  owing. 
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The  eye  is  far  better  able  to  protect  itself  against  the  ill  effects 
of  a sudden  increase  of  blood  pressure  than  against  sudden  diminu- 
tion of  pressure,  although  it  is  an  extremely  rare  occurrence  to  have 
retinal  hemorrhage  or  other  permanent  retinal  disease  as  a result  of 
either,  unless  there  is  some  disease  of  the  walls  of  the  bloodvessels. 

The  acute  amemia  due  to  extensive  hemorrhage  is  only  in  rare 
instances  followed  by  disease  of  the  eyes.  Fries1  was  able  to  find 
the  record  of  only  106  cases  that  have  occurred  during  the  past  two 
hundred  and  thirty-five  years;  anti  of  these,  it  is  probable  that  many 
occurred  among  those  having  some  form  of  disease  of  the  bloodvessels. 
Sixty  per  cent,  were  from  gastric,  intestinal,  and  uterine  hemorrhage, 
25  per  cent,  from  artificial  abstraction  of  blood,  7 per  cent,  from 
epistaxis,  5 per  cent,  from  wounds,  and  only  1 per  cent,  from  pul- 
monic hemorrhage. 

That  serious  disease  of  the  eyes  results  only  in  the  rarest  instances 
from  extensive  hemorrhage  in  individuals  with  healthy  bloodvessels 
is  apparent  when  we  recall  the  enormous  number  of  instances  of 
profuse  hemorrhage  occurring  as  the  result  of  traumatism,  especially 
during  military  engagements,  and  note  the  extreme  infrequency  of 
disease  of  the  eyes  as  a result.  Not  a single  case  is  recorded  as  having 
occurred  during  the  Franco-Prussian  War  of  1870-71.  When  amau- 
rosis and  amblyopia  do  occur  as  the  result  of  extensive  loss  of  blood, 
it  is  usually  after  several  days  have  intervened,  and  it  seems  to  be 
due  to  hemorrhage  into  the  optic  nerve,  resulting  from  fatty  degen- 
eration of  the  vessel  walls  consequent  upon  disturbance  of  nut  ritio" 
from  insufficient  supply  of  blood  (Knies). 

From  the  above  statistics  it  is  apparent  that  extensive  hemor  -huge 
from  the  stomach,  bowels,  and  uterus  is  a real  source  of  danger  to 
vision;  and,  having  in  mind  this  danger  and  the  weakened  state  of 
the  bloodvessels,  the  physician  will  naturally  insist  upon  the  recum- 
bent posture,  and  will  practise  intravenous  injection®  01  adopt  such 
other  measures  as  may  tend  to  restore  the  equilibrium  of  the  vascular 
system. 

* In  aortic  insufficiency  the  rhythmical  reddening  and  bleaching 
sometimes  observed  in  the  finger-nails  may  be  apparent  in  the  optic 
disk  (Jaeger),  and  pulsation  of  the  arteries  in  harmony  with  the 
radial  pulse  is  also  generally  seen  (Haab). 

Other  cardiac  diseases  occasional^  affecting  the  eye  are  mitral 
insufficiency,  dilatation  of  the  heart,  and  fatty  degeneration.  The 
latter  disease  is  often  only  one  Tic' infestation  of  a general  process,  of 
which  one  of  the  features  is  disease  of  the  ocular  vessels. 

Among  the  diseases  of  the  \ sscular  system  which  sometimes,  although 
rarely,  affect  the  eyes  n ay  be  mentioned  aneurism  of  the  aorta, 
arteriovenous  aneurism  of  the  internal  carotid  and  the  cavernous 
sinus,  producing  a pulsating  exophthalmos,  and,  very  rarely,  aneurism 
of  the  ophthalmic  aitery. 


1 Klin.  Monats.  f.  Augenheilk.,  1876. 


In  aneurism  of  the  aorta  we  may  have  paralysis  of  the  sympathetic 
nerve,  which  leads  to  contraction  of  the  pupil  and  also  of  the  pal- 
pebral fissure  of  the  affected  side. 

A local,  temporary  slowing  of  the  blood  current,  due  to  traumatism 
or  other  cause,  producing  a thrombus  from  which  small  masses  may 
break  away,  foreign  substances  in  the  bloodvessels,  and  endarteritis 
in  its  various  forms,  causing  fibrinous  deposits  on  the  vessel  walls 
or  the  valves  of  the  heart,  may  result  in  the  development  of  embolism 
of  the  central  artery  of  the  retina  or  one  of  its  branches.  In  some  six- 
teen cases  which  have  been  studied  anatomically  the  obstruction  was, 
in  most  instances,  found  in  the  region  of  the  lamina  cribrosa  (Haab). 

In  those  portions  of  the  general  vascular  system  in  which  there 
is  free  anastomosis,  such  emboli,  even  if  they  find  lodgement,  may 
cause  only  very  slight  and  temporary  disturbance,  and  this  is  in 
large  measure  true  of  the  vessels  of  the  choroid;  but  in  the  retina, 
as  in  many  portions  of  the  cerebral  cortex,  we  have  one  of  the 
terminal  systems  of  Cohnheim,  in  which  more  or  less  complete 
cutting  off  of  nutrition  occurs  in  the  area  supplied  by  the  obstructed 
vessel. 

Thrombosis  of  the  retinal  vessels  may  occur  as  a complication  of 
inflammatory  and  especially  of  infectious  processes  in  the  orbit, 
whether  they  are  caused  by  erysipelas,  meningitis,  thrombosis  of  the 
cerebral  sinuses,  or  in  any  other  manner  (Haab).  They  may  involve 
both  the  arteries  and  veins,  and  are  apt  to  be  the  immediate  effect 
of  stooping  or  straining  in  people  having  disease  of  the  bloodvessels. 

Unless  the  patient  is  seen  soon  after  the  accident  has  occurred  and 
the  case  is  studied  with  great  care,  it  is  in  many  instances  by  no 
means  easy  to  make  a clear  distinction  between  embolism,  throm- 
bosis, and  endarteritis  obliterans.  The  presence  of  perivascular  infil- 
tration and  degeneration  accompanying  endarteritis,  and  visible  to 
the  ophthalmoscope,  is  indicative  of  thrombosis,  and  an  existing 
valvular  lesion  of  the  heart  is  characteristic  of  embolism. 

In  some  cases,  however,  as  in  several  which  have  been  observed 
by  the  writer,  the  sudden  occurrence  of  the  symptoms  and  the  oph- 
thalmoscopic picture  are  sucn  c G to  leave  no  room  for  doubt  as  to 
the  existence  of  an  embolism. 


DISEASE  OF  THE  URINARY  ORGANS. 

Albuminuria  Among  the  diseases  usually  grouped  under  this  head, 
albuminuria  (Bright's  disease)  in  its  various  forms  is  by  far  the  most 
important,  and  the  one  in  which  eye  lesions  are  found  most  fre- 
quently. lEdema  of  the  integument  of  the  eyelids  of  a temporary 
character  may  occur  at  a very  early  period  in  nephritis;  but  per- 
manent oedema,  when  present,  usually  accompanies  oedema  in  the 
ankles  and  other  parts  of  the  body  as  a late  manifestation. 

Chemosis  or  oedema  of  the  conjunctiva  is  rare. 
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Among  the  intra-ocular  affections  due  to  albuminuria  we  have 
hypercemia  of  the  papilla  and  retina,  retinitis  with  the  characteristic 
white  spots  arranged  in  radiating  lines  about  the  macula,  neuritis, 
neuroretinitis,  and  even  choked  disk  with  hemorrhages,  especially,  in 
the  nerve-fibre  layer. 

Detachment  of  the  retina,  iritis,  and  hemorrhagic  glaucoma  have 
been  described  as  rare  conditions,  and  choroiditis  as  of  not  infre- 
quent occurrence.  Changes  due  to  the  latter  disease  have  often  been 
found  on  autopsy)  but  the  lesions,  which  seldom  are  reported,  are 
probably  rendered  invisible  at  the  ophthalmoscopic  examination  by 
the  pigment  epithelium  (Knies).  Whitish  patches,  generally  in  the 
macular  region,  but  not  infrequently  in  other  portions  of  the  central 
retina,  accompanied  by  swelling  of  the  nerve-fibre  layer  and,  at 
times,  by  small,  often  flame-shaped  hemorrhages,  are  the  charac- 
teristic retinal  manifestations  of  albuminuria  on  ophthalmoscopic 

examination.  # • 

Extensive  hemorrhage  into  the  vitreous  is  seen  sometimes,  but  it 

is  of  rare  occurrence. 

Complete  blindness  is  very  rare,  seldom  occurring,  excepting  in  coin- 
cident ursemic  amaurosis  or  in  atrophy  of  the  optic  nerve  and  detach- 
ment of  the  retina.  Retinitis  is  not  an  early  symptom,  but  it  is  not 
infrequently  the  first  symptom  which  leads  to  a correct  diagnosis. 
It  has  occasionally  been  the  experience  of  the  writer,  in  patients  having 
almost  normal  vision  and  using  their  eyes  quite  constantly,  to  find 
on  making  an  ophthalmoscopic  examination  that  the  central  fundnj 
was  the  seat  of  extensive  retinal  infiltration.  In  these  cases  the  fo  rea 
has  escaped,  and  the  conducting  power  of  the  axis-cylinders  setmed 
to  be  unimpaired.  The  oedema  may  be  marked,  and  yet  the  rods 
and  cones  may  for  a long  time  remain  undisturbed. 

The  disease  with  which  we  are  dealing  affects  the  Lloodvessels 
mainly  as  a sclerosis)  and  Knies  has  pointed  out  that  all  the  other 
lesions,  including  the  hemorrhages,  oedema,  the  formation  of  folds, 
and  detachment  of  the  retina,  and  fatty  degeneration,  are  secondary 
to  these  changes  in  the  bloodvessels.  He  calls  attention  also  to  the 
fact  that  while  disease  of  the  choroidal  vessels  may  be  very  extensive 
without  giving  rise  to  such  nutritive  .iistmbances  as  are  seen  in  the 
retina,  it  is  because  in  the  choroid  we  have  a collateral  supply,  while 
in  the  retina  the  arteries  are  end  arteries,  and  circulatory  disturbances 

are  not  compensated.  . . „ 

There  is  marked  thickening  tspecially  of  the  lntima,  of  the  small 
arteries  and  capillaries ; and  while  in  the  latter  we  often  find  dilatation, 
in  the  former  small  dissecimg  aneurisms  are  not  uncommon. 

Weeks  reports  a case  of  hemorrhage  and  acute  glaucoma  occurring 
with  albuminuric  retinitis,  and  other  cases  have  been  recorded  proving 
that  acute  glaucoma  is  one  of  the  occasional  complications  of  this 
disease.  Bull  bos  pointed  out  that  disease  of  the  walls  of  the  blood- 
vessels is  probably  the  connecting  link  between  these  two  conditions; 
and  Gowers  states  that  in  some  cases  of  chronic  renal  disease  there 


is  diminution  in  size  of  the  retinal  arteries  independently  of  the 
existence  of  other  evidence  of  special  renal  disease. 

Albuminuric  disease  of  the  retina  is  to  be  found  in  all  forms  of 
nephritis ; but  it  is  rare  in  the  large  white  kidney  of  parenchymatous 
nephritis,  in  the  stage  of  fatty  degeneration,  and  also  in  the  form 
characterized  as  waxy  kidney.  In  this  latter  form  Bull  has  pointed 
out  that  it  is  seen  only  when  the  waxy  degeneration  occurs  in  a 
contracted  kidney.  Although  not  uncommon  in  the  albuminuria  of 
pregnancy,  and  sometimes  seen  in  the  acute  forms  of  nephritis,  such 
as  appear  as  a complication  of  scarlatina,  all  observers  seem  to  agree 
that  changes  in  the  retina  are  found  most  frequently  in  the  late  stages 
of  that  form  of  nephritis  which  is  accompanied  by  contracted  kidneys. 
They  make  their  appearance  when,  after  a period  of  high  vascular 
tension,  elimination  is  beginning  to  fail,  but  are  by  no  means  always 
found  under  these  conditions. 

While  perhaps  somewhat  less  serious,  if  the  nephritis  is  of  the 
form  which  is  often  seen  in  acute  exanthematous  diseases  and  in 
pregnancy,  the  prognosis  is  always  grave,  or  at  least  doubtful,  the 
patients  often  dying  within  a few  months  after  the  discovery  of  the 
retinitis. 

Knies,  in  speaking  of  the  more  chronic  forms  of  nephritis,  states 
that  life  is  rarely  prolonged  more  than  one,  or  at  most  two  years 
after  the  discovery  of  retinal  infiltration ; but  when  seen  among  those 
who  will  carefully  observe  the  hygienic  and  other  regulati  ms  necessary 
under  such  circumstances,  it  has  not,  in  the  writer’s  experience,  been 
uncommon  to  see  that  period  greatly  extended.  In  the  albuminuria 
of  pregnancy,  threatened  loss  of  sight  from  nemvmttinitis  is  a strong 
indication  for  the  induction  of  premature  labor. 

Though  generally  affecting  both  eyes,  inhateral  albuminuria  is 
observed  occasionally.  Bull  has  described  ten  cases. 

Lesions  of  the  retina  which  resemble  those  of  true  albuminuric 
retinitis,  undoubtedly  occur  as  a result  of  profound  anaemia,  leu- 
kaemia, and  diabetes,  and  in  some  forms  of  organic  disease  of  the 
brain,  as  well  as  in  a certain  proportion  of  cases  of  what  is  termed 
cyclical  albuminuria;  but  it  Is  well  in  these  cases  to  make  frequent 
tests  of  the  urine,  for,  as  ic  well  known,  nephritis  may  coexist  with 
these  conditions,  and  albumin  be  absent  from  the  urine  for  a con- 
siderable period.  While  rare,  paralyses  of  the  external  ocular  mus- 
cles are  seen  some+i  mes  in  this  disease,  occurring  as  the  result  of  a 
hemorrhage  in  the  region  of  the  nerve  roots  or  nuclei  (Knies). 

With  uraemic  cmblyopia  or  amaurosis,  muscular  paralysis  may  at 
times  be  seen  in  the  last  stages.  These  are  not  necessarily  accompanied 
by  changes  in  the  retina.  When  uraemic  poisoning  occurs  in  acute 
nephrtis.  in  that  of  pregnancy,  it  is  not  uncommon  to  find  that 
the  ^etma  has  undergone  no  change  whatever,  and,  in  fact,  it  has 
been  pointed  out  that  the  combination  of  uraemic  amblyopia  and 
retinal  disease  is  comparatively  rare.  In  eclampsia  the  pupils  are 
generally  dilated,  and  the  external  ocular  muscles  often  take  part  in 
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the  convulsions.  Cataract  may  be  the  result  of  vascular  changes 

dependent  upon  nephritis.  . 

Oxaluria,  uric  acid  diathesis,  and  phosphaturia  have  each  in  rare 
instances  been  assigned  as  the  cause  of  eye  lesions,  but  it  may  well 
be  doubted  whether  the  changes  observed  in  the  eyes  were  properly 
to  be  attributed  to  these  conditions  or  to  some  other  unrecognized 
disease  on  which  they  in  turn  were  dependent. 

Hansell1  recorded  a case  in  which  the  retinal  changes,  although  not 
quite  characteristic,  resembled  those  of  albuminuric  retinitis.  "l'b<'r(“ 
was  failure  of  vision,  but  there  were  no  subjective  symptoms.  I he 
abnormally  abundant  urine  contained  an  excess  of  phosphates,  but 
repeated  examination  revealed  no  albumin  or  sugar. 


DISEASES  OF  THE  SEXUAL  ORGANS. 

Much  has  been  written  on  the  effects  of  sexual  excesses,  espe- 
cially masturbation,  in  producing  disease  of  the  eyes,  and,  if  we  were 
to  be  influenced  by  the  extreme  views  of  many  otherwise  high 
authorities,  we  would  conclude  that  there  exists  some  peculiarly 
intimate  relation  between  the  eyes  and  the  sexual  organs.  If  such  a 
relation  exists,  its  importance  has  certainly  been  vastly  overestimated. 

Sexual  excesses  have  been  assigned  as  a cause  of  atrophy  ot  the 
optic  nerve,  but  it  is  doubtful  if  the  relation  of  cause  and  effect  has 

been  established.  . , 

Conjunctival  hypersemia,  catarrhal  inflammation,  linpairmen  ot 
accommodation,  muscular  asthenopia,  and  even  serious  disease  of 
the  optic  nerve,  have  all  been  attributed  to  habitual  masturLaaon, 

both  in  male  and  female  patients.  . , 

It  is  undoubtedly  the  case  that  a degree  of  neurasthenia  often 
results  from  the  direct  and  indirect  effects  of  this  morbid  habit, 
which  in  its  turn  serves  to  aggravate  asthenopic  conditions  due  to 
other  causes.  In  common  with  other  conditions  leading  to  vascular 
engorgement,  excessive  masturbation  as  well  as  venereal  excesses 
have  been  known  in  numbers  of  instances  to  serve  as  the  exciting 
cause  of  various  forms  of  intra-ocular  and  subconjunctival  hemorrhages 
when  the  vessel  walls  have  been  weakened  by  disease. 

Gonorrhoea,  which  might  for  some  reasons  be  classed  more  properly 
with  the  infectious  diseases,  is  treated  here  because  it  is  so  essential  \ 
a disease  of  the  genital  mucous  membrane.  Ophthalmia  neonatorum 
and  gonorrhoeal  ophthalmia  in  the  adult,  with  the  resulting  destruc- 
tive keratitis,  are  the  well-known  eye  complications  of  this  disease. 

Metastatic  disease  of  the  eye  is  also  sometimes  seen  in  association 
with  gonorrhoea,  especially  with  gonorrhoeal  rheumatism  of  the  larger 
joints,  and  iritis  not,  infrequently  accompanies  the  rheumatism  due 
to  this  disease.  Veil-authenticated  cases  of  metastatic  gonorrhoeal 
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conjunctivitis,  with  intense  chemosis  and  scanty  non-purulent  secre- 
tion, but  without  destructive  corneal  complications,  have  been  re- 
ported. 

To  the  various  forms  of  disturbance  in  the  vascular  and  nervous 
systems  which  are  excited  by  abnormal  menstruation  are  properly 
attributed  a large  group  of  ocular  affections,  and  in  a still . larger 
number  of  instances  diseases  of  the  eyes  due  to  other  causes  are 
aggravated  by  such  disorders.  Patients  who  are  anaemic,  chlorotic, 
or  “ scrofulous,  ” especially,  and  sometimes  those  free  from  such  con- 
ditions, show  a marked  tendency  to  disease  of  the  eyes  during  or 
immediately  prior  to  menstruation.  This  may  be  insignificant,  and 
manifest  itself  as  a slight  oedema  of  the  lids,  or  by  the  appearance 
of  dark  rings  under  the  eyes,  or  it  may  be  that  conjunctival  hyper- 
aemia  will  develop  or  well-defined  asthenopic  symptoms  present  them- 
selves. 

Given  a tendency  to  herpetic  eruptions  of  the  lids  or  cornea,  to 
marginal  blepharitis,  styes,  phlyctenular  conjunctivitis  or  keratitis, 
or  even  iritis,  the  approach  of  the  menstrual  period,  especially  if 
there  be  dysmenorrhoea,  is  apt  to  be  accompanied  by  an  outbreak. 

In  nervously  susceptible  patients  a variety  of  symptoms  of  an 
hysterical  character  may  present  themselves  at  the  menstrual  period, 
such  as  limitation  of  the  visual  fields  or  modification  of  the  color 
fields. 

Leber1  calls  attention  to  the  possibility  of  hemorrhages  mto  the 
optic  nerve  during  menstruation  in  cases  in  which  the  \essels  are 
diseased,  and  Knies  mentions  cases  of  hemorrhages  Into  the  con- 
junctiva, vitreous,  and  anterior  chamber. 

Attacks  of  anterior  uveitis  and  disseminated  choroiditis  and  cho- 
roidoretinitis  are  frequently  due  to  menstrua)  disorders,  and  sudden 
suppression  of  the  menses  is  said,  in  some  instances,  to  have  produced 
hemorrhages  into  the  optic  nerve  and  its  sneath. 

Hemorrhagic  glaucoma  is  sometimes  seen  at  the  time  of  the  meno- 
pause. 

It  is  doubtful  whether  normal  piegnancy  and  normal  parturition 
in  a healthy  woman  ever  are  accompanied  by  diseases  of  the  eyes;  but, 
as  in  menstruation,  a pre-existing  disease  of  the  eyes,  a systemic  con- 
dition, such  as  anaemia,  widen  seriously  interferes  with  the  normal 
course  of  pregnancy,  or  any  of  the  numerous  accidents  which  may 
befall  the  patient  during  this  critical  period,  may  convert  what  should 
be  a normal  physiological  process  into  a prolific  source  of  disease  of 
the  eyes. 

In  a nervously  susceptible  woman,  especially  if  she  is  anaemic  or 
is  the  subject  of  any  form  of  disease  which  impairs  her  vitality,  mus- 
cular or  accommodative  asthenopia  may  become  a source  of  great 
discommon,  and  if,  as  we  frequently  find,  there  exists  a latent  error  of 
refract  on  or  imbalance  of  the  external  ocular  muscles,  the  symptoms 
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are  aggravated  and  are  sometimes  most  distressing.  In  these  cases 
as  in  those  of  an  hysterical  nature,  such  as  temporary  blindness 
unaccompanied  by  organic  lesion,  and  contraction  of  the  visual  helds, 
we  should  attribute  the  disturbance  to  the  anaemia  or  other  systemic 
condition  upon  which  it  really  depends,  and  look  upon  the  pregnant 
state  as  merely  an  exciting  cause. 

The  eyes  bear  their  part  in  the  altered  facial  expression  sometimes 
seen  during  pregnancy,  and  are  not  infrequently  the  seat  of  pigmen- 
tation. Phlyctenular  conjunctivitis  and  even  keratitis  sometimes  are 

encountered.  , , r 

The  occurrence  of  albuminuria  during  the  later  months  of  pregnancy 
is  apt  to  be  accompanied  by  retinitis,  choroiditis,  optic  neuritis,  etc., 
which  are  considered  in  their  respective  chapters.  In  properly 
selected  cases  the  induction  of  premature  labor  may  check  the  progiess 
of  the  disease,  and,  while  not  infallible,  has  in  many  instances  served 
to  prevent  blindness.  As,  however,  the  same  accident  is  apt  to  occur 
in  future  pregnancies,  patients  should  be  warned  of  their  dangei . 
Detachment  of  the  retina  and  retinal  hemorrhage  may  occur  even 

when  not  associated  with  albuminuria. 

It  is  natural  that  parturition,  especially  when  painful  or  prolonged, 
should  in  cases  in  which  albuminuria  or  other  disease  has  weakened 
the  walls  of  the  vessels,  lead  to  hemorrhage  into  the  retina  and  nei\  e. 

Amaurosis  may  make  its  appearance  during  parturition  as  a result 
of  the  uraemia  of  eclampsia,  or  when  there  has  been  profuse  uterine 
hemorrhage  it  may  result,  as  in  cases  of  great  loss  of  blood  from  other 

portions  of  the  body.  > , . 

Hemorrhages  into  the  retina  and  optic  nerve  occurring  dm  mg 
childbed  without  apparent  cause  are  attributed  by  Knies  to  emboli 
of  the  central  retinal  artery,  such  as  have  been  observea  alter  phleg- 


masia alba  dolens.  . . , . i 

Puerperal  septicaemia  may  lead  to  metastases  in  the  retina  ami 
choroid  and  in  severe  cases  septic  embolism  may  readily  be  followed 
by  panophthalmitis.  It  is  probable  that,  as  in  Other  forms  of  sep- 
ticaemia and  pyaemia,  this  occurs  far  more  frequently  than  is  reported, 
as  attention  is  directed  to  other  symptoms  and  the  patients  so  seldom 

recover.  . 

Abortion  accompanied  by  infection,  and  septic  processes  in  the 
womb  occurring  as  the  result  of  disease,  or  following  the  various 
surgical  procedures  involving  the  '\omb,  may,  in  a similar  mannei, 
lead  to  disease  of  the  choroid,  r stina,  and  optic  nerve. 

To  lactation  and  the  arnemia  and  exhaustion  which  at  times  accom- 
pany it  are  frequently  due  phlyctenular  and  other  forms  of  keratitis, 
and  even  choroiditis  accompanied  by  vitreous  opacities  has  been 

found  to  be  due  to  this  cause.  , . . 

The  eyes  of  infants  are  often  injured  at  the  time  of  birth.  Inis 
may  occur  in  a variety  of  ways  in  prolonged  but  otherwise  norma 
labors,  but  is  especially  apt  to  occur  in  cases  in  which  instrumental 
delivery  becomes  necessary.  Here  almost  every  form  of  traumatism 
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has  been  recorded.  Ecchymosis  into  the  conjunctiva,  hemorrhage 
within  the  eye  or  orbit,  and  fracture  of  the  frontal  bone  or  at  the  base 
of  the  skull,  with  resulting  neuritis,  followed  by  paralysis  of  the  optic 
nerve,  may  be  encountered,  and  we  may  have  paralysis  of  any  branch 
of  the  third  nerve,  the  sixth,  or  the  facial.  Numerous  cases  in  which 
paralyses  have  occurred  have  been  published  by  Budin,  Bloch,  Berger, 
and  others.  But  when  we  consider  the  numerous  instances  in  which 
instrumental  delivery  is  resorted  to,  serious  accidents  to  the  eyes 
are  seen  to  be  of  relatively  infrequent  occurrence. 

Ophthalmoscopic  examinations  of  the  newborn  have  in  many 
instances  revealed  retinal  hemorrhages,  and  while  such  eyes  often 
recover  with  good  vision,  there  is  much  reason  to  believe  that  many 
of  the  cases  of  amblyopia  so  frequently  seen  in  strabismus  are  due 
to  such  lesions,  the  gross  changes,  such  as  could  be  seen  by  means 
of  the  ophthalmoscope,  having  long  since  disappeared.  There  is 
room  for  further  investigation  of  this  subject. 

Ophthalmia  neonatorum,  almost  always  due  to  the  gonococcus  of 
Neisser,  but  sometimes  traceable  to  other  sources  of  infection,  is  so 
common  as  to  require  little  comment.  As  in  gonorrhoea,  it  may  be 
associated  with  affections  of  the  joints. 


POISONS  AND  INFECTIOUS  DISEASES. 

Poisons.  The  direct  and  indirect  effects  of  the  introduction  into 
the  system  of  chemical  poisons  and  living  germs  ami  their  morbific 
products  are  so  varied  that  it  is  extremely  diffieiJt  to  arrange  a 
system  of  classification  which  will  be  thoroughly  scientific  and  satisfy 
all  of  the  conditions.  Indeed,  for  our  prescm  purpose  no  such 
classification  is  necessary,  as  our  object  will  be  attained  if,  by  grouping 
similar  forms  of  poisons  on  the  one  hand  :<nd  the  infectious  processes 
on  the  other,  we  are  able  to  present  a comprehensive  view  of  the 
manner  in  which  the  eye  is  affected  directly  by  the  substances 
belonging  to  the  various  groups,  or  indirectly  by  the  diseased  con- 
ditions which  they  excite  in  other  parts  of  the  body. 

A large  and  most  important  group  of  poisonous  substances  affect 
the  eyes  by  producing  some  form  of  retrobulbar  neuritis,  at  times 
including  a lesion  of  the  ganglion  cells,  resulting  in  what  is  generally 
termed  toxic  amblyopia  characterized  by  form  and  color  scotomata. 
To  this  group  belong  alcohol,  tobacco,  lead,  arsenic,  the  silver  salts, 
mercury,  phosphor;^,  the  salts  of  potassium,  iodoform,  ioduret  and 
thiuret,  essence  of  Jamaica  ginger  and  essence  of  peppermint,  bisul- 
phide of  car b Oil  and  chloride  of  sulphur,  nitrobenzol  and  dinitro- 
benzol,  the  various  coal-tar  products,  opium  and  its  alkaloids,  chloral, 
cannabie  iudica,  tea,  coffee  and  chocolate,  ergot,  vanilla,  and  stramo- 
nium carbon  dioxide,  osmic  acid,  quinine  and  the  various  products 
of  oiocliona  bark,  salicylic  acid,  and  aspidium  or  filix  mas.  Each  of 
these  substances,  it  has  been  claimed,  has  produced  true  toxic  am- 
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blvopia  “by  an  action  on  the  ganglion  cells,  nerve  fibres,  and  optic 
nerves,  or  their  vascular  supply”  (de  Schwemitz),  and  while  the 
general  effect  upon  the  eyes  will  be  considered  here,  the  symptoma- 
tology and  pathology  of  retrobulbar  neuritis  will  be  treated  of  in  the 

chapter  on  Diseases  of  the  Optic  Nerve.  • . 

As  the  term  poison  is  applied  to  those  substances  which,  if  intro- 
duced into  the  system,  produce  disease,  we  here  considei  not  the 
effect  of  all  chemical  substances  upon  the  eye,  but  such  effects  as  a 
produced  in  that  organ  when  a given  poison  is  introduced  in  to  the 
system  or  directly  into  the  eye,  and  we  should  make  a distinctio 
between  those  effects  which  follow  an  acute  attack  and  those  which 
gradually  make  their  appearance  in  cases  of  chronic  poisoning, 
both  aite  and  chronic  poisoning,  however,  the  more  Pronounced 
eye  symptoms  are  often  the  indirect  effect  of  the  action  of  the  poi  o 
upon  some  other  part  of  the  body,  such  as  the  vascular  system,  the 
central  or  peripheral  nervous  system,  or  the  kidneys.  _ . 

The  indirect  effects  upon  the  eye  of  acute  systemic  poisoning  are 
apt  to  manifest  themselves  in  the  action  of  the  iris  and  ciliary  body, 
as  mydriasis,  myosis,  cycloplegia,  etc,  and  sometimes  m the  externa 
ocular  muscles  and  in  changes  m the  vessels  of  the  fundus.  Colored 
vision  and  illusions  are  also  sometimes  noted. 

While  intoxication  amblyopia  is  the  most  noteworthy  effect .of  t 
substances  named  in  the  above  list,  a number  of  them  produce  othei 

eye  symptoms  of  which  we  must  not  lose  sight.  } T 

y Chronic  lead-poisoning  produces  a variety  of  both  central  ■ 

peripheral  lesions,  resulting  in  disturbances  of  vision  which  are  gen- 
erally traceable  to  sclerosis  and  periarteritis,  the  evidence  of  which 
may  sometimes  be  seen  with  the  ophthalmoscope.  Distm.,  * . 

the  external  ocular  muscles  may  follow  multiple  neuritis  due  to  this 
cause  and  we  may  have  the  characteristic  picture  of  albuminuric 
neuroretinitis,  as  albuminuria  may  result  from  lead-poisoning.  The 
application  of  lead  lotions  is  frequently  followed  by  indelible  deposit. 

°{ Phosphorus-poisoning  is  sometimes  accompanieo  by  hem°rrhages 
in  the  retina,  and  later  by  fatty  degeneration,  somewhat  resemWing 
that  of  albuminuric  retinitis.  The  frcq  ier it  occurrence  of  hemor- 
rhages in  the  optic  nerve  and  brain  produces  characteristic  eye  symj 

t0rAcute  mercury-poisoning  seldom  produces  eye  symptoms,  although 
in  severe  cases  retinal  hemorrhages  and  fatty  degeneration  as 
phosphorus-poisoning,  have  been  noted.  The  eye  symptoms  m 
chronic  cases  resemble  those  due  to  chronic  lead-poisoning 

Poisoning  from  the  diver  salts,  aside  from  rare  cases  of /^bulbar 
neuritis,  manifests  itseii  in  the  eye  only  in  the  dark  indelible  sta 
of  the  conjunctiva,  which  not  infrequently  is  seen  as  the  result  of 

it  is  administered  in  the  form  of 
iodide  of  potassium,  induces  at  times  catarrhal  conjunctivitis,  but 
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more  frequently  pains  in  the  eyes  and  lacrymation  in  association  with 
the  typical  coryza.  We  sometimes  see  illustrations  of  the  extreme 
irritation  produced  by  the  development  of  iodide  of  mercury  when 
levigated  calomel  is  dusted  into  the  eyes  while  iodide  of  potassium 
is  being  administered  internally;  but,  although  these  drugs  are  not 
infrequently  used  at  the  same  time,  this  is  an  extremely  rare  occur- 
rence. 

Bromide  of  potassium  in  excessive  amounts  has  been  known  in 
some  instances  to  produce  retrobulbar  neuritis,  but  even  when  not 
in  sufficient  dose  to  cause  the  characteristic  skin  eruption,  it  may  excite 
conjunctivitis  with  phlyctenular  foci  of  inflammation  (Knies). 

Alcohol , which  probably  produces  more  cases  of  chronic  poisoning 
than  all  other  substances  together,  causes  a variety  of  eye  symptoms 
in  addition  to  retrobulbar  neuritis,  which  latter  disease  will  be  con- 
sidered elsewhere. 

In  acute  alcoholism  we  have  at  times  as  an  early  manifestation, 
failure  of  accommodation,  inco-ordination  of  the  ocular  muscles, 
causing  diplopia,  and  later,  absence  of  normal  pupillary  reaction. 
With  normal  ophthalmoscopic  appearances  we  may,  in  delirium 
tremens,  have  a well-marked  concentric  limitation  of  the  visual  field 
which  sometimes  continues  for  several  days.  What  is  knowm  as  retro- 
bulbar or  axial  optic  neuritis  is  only  one  manifestation  of  the  inter- 
stitial and  parenchymatous  changes  and  vascular  disease  due  to 
chronic  alcoholism,  and  the  consequent  lesions  which  develop  in  the 
brain,  spinal  cord,  kidneys,  etc.,  are  accompanied  by  such  cnanges 
in  the  eyes  as  are  found  in  association  with  the  same  lesions  due  to 
other  causes. 

Severe  disease  of  the  central  nervous  system,  such  as  often  super- 
venes in  cases  of  chronic  alcoholism,  is  accompanied  by  a variety  of 
eye  lesions,  and  among  them,  in  rare  irstaices,  ophthalmoplegia 
externa,  which  is  due  generally  to  hemorrhagic  inflammation  of  the 
floor  of  the  fourth  ventricle. 

Methyl  alcohol  and  amyl  alcohol  may  buch  cause  sudden  blindness — 
indeed,  some  authors  have  claimed  that  to  these  substances,  rather 
than  to  pure  ethyl  hydrate,  is  due  the  retrobulbar  neuritis  which  often 
follows  the  use  of  the  more  common  forms  of  alcoholic  drinks. 

Acute  opium-poisoning  causes  well-marked  myosis  and,  at  times, 
clouding  of  vision.  In  euro  nc  cases  accompanied  by  marasmus  there 
is  also  apt  to  be  corneal  softening. 

Acute  chloral-poiso,nng  produces  myosis,  although  after  large  doses 
have  been  admini^torad  for  a long  time  mydriasis  sometimes  is  noted. 
The  cutaneous  eruption  and  urticaria  of  the  lids,  which  are  seen  after 
prolonged  use  of  the  drug,  are  apt  to  be  accompanied  by  conjunctivitis. 

Sulphoncl-poisoning  may  produce  ptosis,  and  has  been  known  to 
cause  eiicpsihesia  of  the  conjunctiva. 

Carbon  dioxide-poisoning  has  in  a number  of  cases  been  known  to 
produce  paralysis  of  the  external  ocular  muscles,  which  may  disappear 
after  a few  weeks.  It  is  attributed  to  hemorrhagic  processes  in  the 
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nerve  nuclei  or  in  the  peripheral  nerves  (Knapp).  W hen  obstruction 
to  respiration  or  circulation  results  in  the  accumulation  ol  carbon 
dioxide  in  the  blood,  we  are  apt  to  have  retinal  hemorrhages. 

Santonin-poisoning  is  characterized  by  yellow  vision,  which,  accord- 
ing to  Knies,  who  has  carefully  investigated  its  phenomena,  begins  ten 
or  fifteen  minutes  after  the  administration  ol  the  dr  ug,  and  is  pre- 
ceded by  transient  violet  vision.  The  pupillary  reaction  is  normal,  as  is 
the  appearance  of  the  fundus,  and  central  vision  remains  undisturbed 
Ergot  has  been  known  to  produce  narrowing  of  the  retinal  blood- 
vessels and  temporary  disturbance  of  vision,  with  sluggish  pupillary 
reaction;  but  in  chronic  poisoning  the  prolonged  nutritive  disturb- 
ances occurring  as  the  result  of  spasm  of  the  vessels  of  the  ciliary 
body  are  usually  assigned  as  the  cause  of  the  cataract  which  some- 
times follows  within  a few  years  of  such  an  attack. 

Fungus-poisoning  varies  in  its  effect  upon  the  eye  according  to  the 
nature  of  the  alkaloid  produced:  muscarine  causing  spasm  of  accom- 
modation and  myosis,  while  other  varieties,  such  as  morchella,  pro- 
duce mydriasis  (Knies) . The  profound  systemic  disturbance  produced 
by  these  deadly  alkaloids  sometimes  results  in  fatty  degeneration 
and  hemorrhage  of  the  retina. 

Atropine  may  be  taken  as  the  type  of  the  mydnatics,  and  its  effects 
upon  the  eye  when  used  internally  in  a poisonous  dose  are  well  under- 
stood. It  may  cause  hypersemia  of  the  fundus  as  well  as  cycloplegia 
and  mydriasis,  and  in  those  who  are  predisposed  may  excite  glau- 
coma. Not  infrequently  we  find  individuals  in  whom  the  smallest 
amount  of  atropine  acts  as  a local  poison  in  the  conjunctival  sac 
producing  a peculiar  form  of  conjunctival  catarrh  and  a so-called 
eczema  of  the  lids.  It  is  sometimes  stated  that  this  is  due  tc  impure 
solutions;  but  by  rigid  sterilization  and  the  observance  of  every 
reasonable  precaution  the  writer  has  convinced  himself  -hat  this  is 
not  the  case.  Hyoscyamine  or  duboisine  will  usually  be  tolerated 
by  those  patients  who  are  susceptible  to  this  action  of  atropine. 

Hyoscyamine , duboisine , daturine , homatropine  scopolamine , etc., 
have  mydriatic  and  cycloplegic  effects  similar  to  uhose  of  atropine, 
and  any  of  them  may,  under  favorable  conditions,  induce  glaucoma. 
Duboisine  is  more  prone  to  cause  delirmm,  and  also,  at  times,  pro- 
duces narrowing  of  the  visual  field;  and  P<  oley  has  noted  temporary 
amblyopia  as  a result  of  the  instillation  of  scopolamine.  . 

Cocaine-poisoning  if  acute,  mav  cause  transient  amblyopia  with 
contraction  of  the  retinal  arteries,  or  it  may  produce  syncope  with 
the  attendant  temporary  blindness.  In  chronic  cocaine-poisoning  we 
may  have  visual  hallucinations,  chromatopsia,  hemianopsia,  microp- 
sia, diplopia,  dancing  of  objects,  and  amblyopia.  In  a number  ol 
instances  glaucomatous  symptoms  have  developed  after  the  insti  a- 
tion  of  cocaine  into  the  conjunctival  sac  or  after  its  use  on  the  nasa 

mucous  membrane.  . c . 

Eserine  instilled  into  the  conjunctival  sac  has,  in  a tew  in- 
stances, prod  iced  temporary  complete  blindness  and  a degree 
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of  transient  amblyopia  sometimes  follows  the  injection  of  pilocarpine, 
but  it  is  a curious  fact  that  when  administered  internally  both  phy- 
sostigmine  and  pilocarpine  often  produce  mydriasis. 

Landesburg  has  reported  five  cases  in  which  opacity  of  the  crys- 
talline lens  followed  treatment  with  jaborandi. 

Ptomaines  and  toxalbumins  found  in  certain  animals,  or  as  the 
result  of  the  action  of  microbes  upon  certain  articles  of  food,  such 
as  meat,  sausage,  oysters,  fish,  ice-cream,  etc.,  produce  a variety  of 
diseases  of  the  eyes.  Many  of  the  ptomaines  in  their  physical  proper- 
ties resemble  certain  of  the  vegetable  alkaloids,  which  accounts  for 
the  fact  that  bilateral  paralysis  or  paresis  of  accommodation  and 
mydriasis  are  often  observed  after  poisoning  from  decomposed  meats 
or  fish.  Muscarine  and  neurine  produce  spasm  of  accommodation, 
while  tyrotoxicon  causes  paralysis.  Ptosis  and  paralysis  of  the  extrin- 
sic ocular  muscles  have  also  been  observed,  and  have  been  considered 
as  of  nuclear  origin,  or  possibly  due  to  a basilar  neuritis. 

Infectious  Diseases.  Infectious  diseases,  their  complications  and 
sequelae,  are  the  cause  of  numerous  eye  lesions.  Such  diseases  may 
be  due  to  single  micro-organisms  producing  well-defined  clinical 
manifestations,  such  as  are  seen  in  glanders,  tetanus,  and  splenic  fever, 
and  are  in  each  instance  peculiar  to  the  specific  agency  which  pro- 
duces them,  or  they  may  result  from  the  more  complicated  processes 
by  which  different  microbes  may  be  the  cause  of  the  same  group  of 
clinical  symptoms,  as  is  the  case  in  erysipelas  and  pyaemia.  in  either 
instance  the  resulting  eye  lesions  may  be  a direct  effect  of  the  primary 
infection,  or  an  indirect  result  of  the  numerous  compheating  condi- 
tions which  arise  in  the  course  of  the  disease. 

The  involved  and  intricate  nature  of  the  subject  under  discussion 
will  be  appreciated  when  it  is  remembered  that  with  many  of  the 
infectious  processes  which  are  supposed  to  have  a specific  cause  we 
may  have  in  various  stages  of  the  disease  complications  arising  from 
secondary  infections.  This  is  especial  1\  true  of  those  accompanied 
by  abscesses  and  purulent  processor-,  the  mixed  infection  being  due 
to  the  addition  of  one  or  more  of  the  common  forms,  such  as  Staphy- 
lococcus pyogenes  aureus  and  albus,  Streptococcus  pyogenes,  Diplo- 
coccus  pneumonia',  etc.  Indeed,  the  clinical  picture  which  is  made 
up  of  a group  of  signs  and  symptoms  to  which  we  give  a special 
name,  is  in  many  instances  dependent  for  its  existence  upon  the 
combined  action  of  two  or  more  of  these  micro-organisms  and  their 
morbific  products.  To  is  often  to  these  secondary  infections,  which 
are  so  common  that  we  look  upon  them  as  a necessary  part  of  the 
disease,  that  arc  due  many  of  the  complications  which  make  their 
appearance  in  -the  eyes. 

Knies  has  made  the  following  summary  of  the  affections  of  the 
eyes  which  may  occur  in  connection  with  infectious  diseases: 

1.  Hemorrhages  in  all  parts  of  the  peripheral  and  central  visual 
apparatus,  from  the  most  varied  causes  in  all  stages  of  the  disease,  and 
consequently  every  possible  disorder  of  vision,  motion,  and  sensation. 
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2.  Foci  of  fatty  degeneration  and  softening  in  the  central  organs 
and  the  eye,  visible  in  the  retina  with  the  ophthalmoscope,  and  often 
associated  with  hemorrhages. 

3.  Inflammatory  changes  in  the  vessels  in  all  localities,  with  the 
above-mentioned  consequences. 

4.  More  or  less  diffuse  inflammations  of  the  tissues  of  the  eye, 
especially  of  the  uvea  and  retina,  iritis,  cyclitis,  choroiditis,  retinitis, 
diffuse  interstitial  keratitis,  etc.  Meningitis  with  its  various  eye 
symptoms  also  develops  in  the  same  way. 

5.  Changes  (chronic  and  acute  hemorrhagic  forms)  in  the  optic 
nerve,  chiasm,  tractus,  motor  and  sensory  nerves  (multiple  neuritis). 

6.  Pure  atrophy  of  the  nerve  tissues  (central  organs  and  optic 
nerve),  occurring  after  the  lapse  of  years,  and  probably  the  final 
outcome  of  the  vessel  lesions. 

7.  Focal  hyperaanias  and  inflammations  (metastases)  in  various 
degrees,  from  a chronic  to  an  acute  hemorrhagic  and  purulent  process, 
or  even  terminating  in  acute  gangrene.  These  are  found  in  the 
integument  of  the  lids  (eruptions  sometimes  leading  to  gangrene), 
the  sclera  (sclerotic  foci),  uvea  (disseminated  choroiditis  and  choroido- 
retinitis,  and  embolic  suppurations),  retina  (benign,  but  usually  septic 
emboli),  orbit  (metastatic  suppurations),  lacrymal  glands  (embolic 
abscesses  and  dacryoadenitis),  optic  nerve,  and  brain,  etc. 

8.  Specific  neoplasms  (syphilis,  tubercle,  leprosy)  in  almost  every 
part  of  the  eye  and  surrounding  structures,  and  in  the  central  nervous 
system. 

The  functional  results  of  these  lesions  are: 

1.  Visual  disorders  of  all  kinds,  of  peripheral,  intermediate,  and 
central  origin. 

2.  Paralysis  and  spasms  of  a central,  nuclear,  and  peripheral  char- 
acter, and  even  due  to  direct  disease  of  the  muscles. 

3.  Neuralgias,  anaesthesias,  and  paraesthesias  of  every  passible  mode 

of  origin.  , . 

4.  Other  affections,  such  as  adhesions  of  the  lids  in  conjunctival 
catarrh,  disorders  of  lacrymal  secretion  and  conduction  in  affections 
of  the  lacrymal  glands  and  canal,  etc.  In  infectious  diseases  which  are 
attended  with  high  fever  and  congestion  of  the  meninges  and  cortex, 
visual  hallucinations  and  illusions  also  are  encountered.  These  dis- 
eases may  terminate  in  more  or  less  ■severe  forms  of  insanity. 

The  eye  is  in  rare  instances  the  seat  of  the  primary  infection,  and 
not  infrequently  presents  the  earliest  manifestations  of  disease  which 
attract  the  attention  of  the  physician  or  attendant,  as  in  the  photo- 
phobia and  conjunctivitis  often  seen  during  the  period  of  incubation 
of  measles ; but  more  generally  eye  lesions,  when  found  in  association 
with  infectious  diseases,  are  a direct  effect  of  the  disease  itself  oi  ot 
some  of  its  complications  or  sequel*.  . 

In  studying  the  great  variety  of  eye  lesions  produced  by  infectious 
diseases,  it  is  well  to  bear  in  mind  the  marked  difference  which  is  often 
to  be  noted  between  those  following  an  acute  disease  and  those  result- 

39 
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ing  from  the  more  chronic  processes.  An  infection  may  be  so  intense 
that,  as  in  acute  ptomaine-poisoning,  the  system  is  overwhelmed,  and 
we  find  at  the  autopsy,  in  association  with  the  other  lesions,  exten- 
sive retinal  hemorrhage  as  the  only  ocular  manifestation  of  a disease 
which,  had  its  onset  been  less  rapid,  would  have  resulted  in  fatty 
degeneration  in  the  parenchyma  of  the  liver,  kidneys  and  other  organs, 
and  the  associated  changes  in  the  vascular  system.  These  in  turn 
would,  in  the  more  gradual  process  of  infection,  be  accompanied  by 
fatty  degeneration  in  the  choroid  and  retina  and  secondary  hemor- 
rhages in  these  structures  similar  to  those  found  in  the  brain  and 
other  organs. 

The  profound  infections  which  we  often  observe  in  such  diseases 
as  typhoid,  typhus,  and  yellow  fever,  and  in  intense  malarial  poi- 
soning, are  accompanied  by  alterations  in  the  blood,  and  at  times  by 
changes  in  the  choroid,  retina,  and  optic  nerve,  the  exact  nature  of 
which  cannot  be  said  to  be  entirely  understood,  although  they  seem 
in  many  instances  to  bear  a somewhat  direct  relation  to  the  special 
poison  causing  the  disease  with  which  they  are  associated.  The  con- 
ditions attending  the  late  war  with  Spain  afforded  many  illustrations 
of  the  effects  of  these  diseases  in  causing  changes  in  the  fundus  of 
the  eye,  and  a number  of  observers  have  made  valuable  contributions 
to  our  information  on  this  interesting  subject.1 

It  remains  to  be  demonstrated,  however,  whether  the  lesions  noted 
can  be  classed  as  part  of  the  morbid  anatomy  of  the  diseases  men- 
tioned, or  should  be  ascribed  to  intermediate  changes  dependent 
upon  them,  and  possibly  common  to  other  maladies. 

In  the  more  chronic  processes  of  infection  in  which  the  interstitial 
connective  tissues  are  largely  affected,  or  the  vessel  walls  have  under- 
gone gradual  degenerative  changes,  we  have  h.-ombosis  and  retinal 
hemorrhages,  and  as  later  manifestations  sometimes  making  their 
appearance  years  after  the  original  lesior.,  atrophy  of  the  optic  nerve 
and  retina  associated  with  evidences  >1  similar  sclerotic  changes  in 
the  brain  and  spinal  cord. 

As  the  general  powers  of  resistance  of  the  patient  who  is  subjected 
to  an  infective  process  greatly  modify  the  systemic  effects  produced, 
so  the  condition  of  the  eye  may  influence  the  course  of  the  disease  in 
that  organ.  An  old  iritis  with  a posterior  synechia,  or  an  old  pene- 
trating wound  with  entangled  iris  or  lens  capsule,  may  make  the  eye 
far  more  vulnerable  than  it  otherwise  would  be,  and  lead  to  most 
serious  consequences  when  it  is  subjected  to  the  dangers  of  an  infec- 
tious disease. 

A subject  great  interest  in  connection  with  infectious  diseases  in 
their  relation  to  the  eyes  is  that  which  concerns  the  route  by  which 
the  eye  is  invaded  by  the  micro-organisms  or  their  morbific  products. 
In  such  diseases  as  lupus  of  the  skin  of  the  lids,  infection  may  take 
place  by  direct  transmission  of  the  microbes  or  their  products  from 
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the  lids  to  the  conjunctiva,  while  in  such  diseases  as  erysipelas  the 
route  may  be  by  way  of  the  orbital  cellular  tissue  and  optic  nerve, 
as  was  observed  by  the  writer  in  a well-marked  case  in  a man 
seventy  years  of  age,  who  died  of  meningitis  as  the  result  of  facial 
erysipelas  which  produced  orbital  cellulitis.  In  meningitis  the  route 
may,  as  in  the  above  case,  be  by  the  optic  nerve,  or  in  some  instances 
through  the  sphenoidal  sinus  and  orbital  tissues. 

In  diseases  of  the  respiratory  tract  the  communication  may  be 
directly  by  means  of  the  nasolacrymal  canal  to  the  conjunctival 
sac,  or  indirectly  through  the  orbit  by  involvement  of  the  frontal, 
ethmoidal,  maxillary,  or  sphenoidal  sinus. 

In  cases  of  serious  general  infection,  and  especially  in  those  in  which 
there  is  ulcerative  endocarditis,  the  vessels  are  the  usual  means  of 
transmission,  and  either  the  enormous  vascular  expansion  of  the 
choroid  or  the  terminal  system  of  the  retina  becomes  the  seat  of 
an  infectious  process. 

In  septicaemia , which  is  often  only  the  early  stage  of  an  infective 
process  terminating  in  pyaemia,  we  have  areas  of  fatty  degeneration 
and  hemorrhages  into  the  retina.  These  are  of  grave  import,  as 
indicating  the  extent  of  the  systemic  invasion. 

Pyaemia , having  its  origin  in  an  inflammatory  or  necrotic  process, 
producing  infective  emboli,  thrombi,  or  hemorrhages,  may  result  in 
the  development  of  a new  focus  of  infection  in  any  vascular  portion 
of  the  eye  or  orbit,  the  choroid  and  retina  being  most  frequently  the 
seat  of  this  metastatic  process,  which  may  originate  in  an  ulcerative 
endocarditis  or  an  active  phlebitis. 

While  Roth  has  anatomically  proved  that  it  is  possible  to  have 
what  might  be  termed  a benign  form  of  metastatic  purulent  retinitis 
which  does  not  extend  to  the  choroid  or  vitreous,  it  will  readily  be 
understood  that  a rapidly  extending  destructive  purul^t  inflam- 
mation of  all  the  structures  of  the  eyeball  is  the  usual  result  of  metas- 
tatic infection  of  the  eye  in  pyaemia. 

In  the  late  stages  of  pyaemia,  even  when  no  septic  thrombus  has 
found  its  way  into  the  eye,  we  may  have  nomejous  retinal  hemor- 
rhages occurring  immediately  before  death. 

Malignant  pustule  or  splenic  fever,  termed  also  anthrax,  malignant 
oedema,  charbon,  etc.,  is  somewhat  prone  to  affect  the  skin  of  the 
lids  and  to  cause  entropion,  ectropion,  and  infiltration  of  the 
cornea.  It  may  even  produce  an  orbital  abscess,  and  severe  cases 
in  their  late  stages  tend  to  cause  retinal  hemorrhages. 

Erysipelas , classed  by  some  writers  as  an  affection  of  the  skin, 
may  properly  be  considered  among  the  infectious  diseases.  It  is 
not  infrequently  seen  in  the  lids,  though  it  generally  originates  else- 
where, and  extends  to  ihe  delicate  skin  and  loose  connective  tissue 
of  these  structures,  where  it  causes  marked  oedema,  and,  in  rare  in- 
stances, abscess  and  necrosis,  which  may  lead  to  ectropion.  Erysipelas 
of  the  lids  is  of  en  accompanied  by  slight  catarrhal  conjunctivitis  and 
some  chemosis,  but  only  in  rare  instances  by  ulceration  of  the  cornea. 


612 


THE  EYE. 


Acute  dacryocystitis  may  be  caused  by  erysipelas,  but  is  not  of 
frequent  occurrence,  while  an  exacerbation  of  a chronic  inflammation 
of  the  lacrymal  sac,  or  the  development  of  an  erysipelatous  inflam- 
mation as  a complication  of  a neglected  dacryocystitis,  is  not  very 
uncommon,  and  in  such  cases  the  underlying  cause  sometimes  escapes 
detection,  or  the  diagnosis  of  erysipelas  is  made  when  we  have  only 
an  aggravated  case  ot  cellulitis  due  to  retention  in  a simple  puiulent 
inflammation  of  the  lacrymal  sac. 

An  extension  of  the  cellulitis  of  erysipelas  to  the  tissues  of  the 
orbit  is  seen  occasionally,  sometimes  taking  the  form  of  an  oibital 
abscess  and  sometimes  of  a serous  infiltration,  causing  evidence  of 
pressure  on  the  optic  nerve  and  motor  oculi.  In  the  more  severe 
cases  there  may  be  extension  from  the  orbit  to  the  brain,  with  resulting 
meningitis  or  sinus  thrombosis,  and  in  others  exophthalmos  with  evi- 
dence of  compression  in  optic  neuritis,  with  defective  vision,  narrowing 
of  the  visual  fields,  etc.,  sometimes  terminating  in  atrophy  of  the 
nerve  and  narrowing  of  the  retinal  vessels.  Thrombosis  of  the  central 
vein  with  retinal  hemorrhage  has  been  reported  in  several  cases,  and 
ptosis  and  paresis  of  the  external  ocular  muscles,  and  even  of  the  ciliary 
muscle,  may  result.  Opacity  of  the  vitreous  and  glaucoma  have  also 
been  seen  after  erysipelas.1 

A number  of  cases  have  been  recorded  in  which  an  attack  of  ery- 
sipelas has  served  to  hasten  recovery  in  trachoma  and  diseases  of 
the  uveal  tract,  and  this  is  in  keeping  with  what  has  been  ob- 
served occasionally  in  pathological  processes  in  other  portions  of  the 
body. 

Whether  we  classify  rheumatism  as  an  infectious  disease,  or  adhere 
to  one  of  the  other  numerous  theories  as  to  its  origin,  it  is  certain 
that  in  some  of  the  manifestations  of  the  acute  articular  form 
we  are  dealing  with  an  infectious  process,  anc  it  is  probable  that  in 
many  instances  the  diseases  of  the  eyes  v hicn  occur  during  an  attack 
of  rheumatism  are  traceable  to  this  cause.  It  is  not  difficult  to  recog- 
nize the  action  of  an  acute  infection  in  the  associated  eye  lesions  of 
gonorrhoeal  rheumatism,  nor  in  the  embolism  of  the  central  artery 
of  the  retina  which  is  so  frequently  the  result  of  ulcerative  endocar- 
ditis, but  there  are  many  casts  oi  diseases  of  the  eyes  associated  with 
almost  imperceptible  rheumatic  manifestations  in  which  the  operation 
of  an  infectious  process  >s  not  so  apparent. 

Recurring  attacks  if  iritis,  sometimes  alternating  with  the  disturb- 
ance in  the  joints,  cyclitis,  scleritis,  episcleritis,  tenonitis,  inflam- 
mation of  the  bulbar  portion  of  the  oculo-orbital  fascia,  petechial 
conjunctivitis,  and  even  paralysis  of  the  motor  oculi,  may  follow 
attacks  of  acute  articular  rheumatism. 

Glaucon  a,  sometimes  unfortunately  associated  with  chronic  iritis, 
is  at  times  seen  in  the  subjects  of  chronic  rheumatism  not  necessarily 
articular  in  character,  and  in  these  cases  it  is  difficult  to  avoid  the 
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conclusion  that  there  is  some  other  element  in  addition  to  the  infec- 
tion which  we  recognize  in  the  more  acute  forms  of  the  disease. 

Measles  in  its  prodromal  stage  is  apt  to  be  accompanied  by  well- 
marked  catarrhal  conjunctivitis,  with  the  accompanying  photophobia 
and  lacrymation,  and  throughout  the  course  of  the  disease  and  often 
for  a long  time  after  the  fever  has  subsided,  asthenopic  symptoms, 
with  weakness  of  accommodation,  a tendency  to  marginal  bleph- 
aritis, superficial  vascular  keratitis,  and  obstinate  phlyctenular  con- 
junctivitis and  keratitis  are  observed.  This  is  especially  apt  to  be 
true  in  cases  of  hyperopia  or  astigmatism,  and  in  such  patients  local 
and  constitutional  treatment  generally  fail  to  afford  relief,  unless  the 
refraction  error  is  first  corrected.  These  manifestations  are  seen  most 
frequently  among  those  who  are  strumous  or  tubercular,  though  they 
are  at  times  observed  in  patients  in  whom  it  is  difficult  to  discover 
other  evidences  of  tuberculosis.  Gangrene  of  the  lids,  terminating 
in  ectropion,  has  resulted  in  a few  instances. 

There  have  been  recorded  several  well-authenticated  cases  of  bilat- 
eral optic  neuritis  with  resulting  blindness,  which  in  some  instances 
has  been  permanent.  They  have  occasionally  been  the  result  of 
basilar  meningitis  following  measles,  and  in  a few  rare  instances 
they  have  been  secondary  to  purulent  otitis  media. 

Albuminuric  retinitis  after  measles  is  extremely  rare. 

Scarlatina  is  at  times  accompanied  by  conjunctivitis,  but  this  is 
not  so  frequently  a complication  as  in  measles,  and  is  not  so  valuable 
as  an  aid  to  early  diagnosis.  In  the  course  of  an  attack  of  scarlatina, 
especially  when  it  is  severe,  active  phlyctenular  conjunctivitis  and 
keratitis  may  occur,  sometimes  resulting  in  extensive  corneal  uiCcrs. 

Dacryocystitis  is  not  very  uncommon,  and  in  rare  instances  we 
have  orbital  cellulitis  with  its  usual  consequences,  even  resulting  in 
atrophy  of  the  optic  nerve,  and  in  a few  cases  purulent  inflammation 
of  the  lacrymal  gland  has  been  reported.  _ 

When  we  consider  the  frequency  of  renal  complications,  eye  lesions 
due  to  this  cause  are  relatively  rare,  though  there  are  many  recorded 
cases  of  unemic  amaurosis  and  amblyopia. 

After  describing  a number  of  well-obsoived  cases,  J.  B.  Storey, 
quoting  Foerster,  makes  an  admirable  summary  which  seems  to  be 
in  keeping  with  the  views  of  other  careful  observers.  In  all  of  the 
cases  reviewed  by  the  last-named  audn  rity  “ albuminuria  was  present 
and  the  amaurosis  occurred  in  tl  ie  desquamation  stage  after  a period 
of  generally  favorable  symptoms  The  amaurosis  was  ushered  in  by 
cerebral  symptoms,  headache,  convulsions,  vomiting,  and  stupor.  It 
came  on  suddenly,  was  bilateral,  and  for  a time  was  complete  No 
ophthalmoscopic  lesion?  were  detected,  and  the  blindness  gradually 
cleared  off.  There  can  be  no  doubt  that  these  cases  must  be  classed 

as  ursemic.”  . 

Wrhen  chrome  nephritis  results  from  scarlatina,  we  may,  of  course, 
at  a later  period  have  the  usual  retinal  and  nerve  lesions  of  albu- 
minuria. Meningitis  following  scarlatina  may  result  in  paralysis  of 
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the  optic  nerve  and,  rarely,  in  partial  or  complete  paralysis  of  one  or 
more  of  the  ocular  muscles. 

Even  when  no  renal  disease  has  existed  and  no  albumin  has  been 
found  in  the  urine,  neuroretinitis  has  been  observed. 

Purulent  otitis  media,  which  occurs  so  frequently  after  scarlatina, 
may,  by  extension  of  the  inflammation  to  the  meninges  or  the  develop- 
ment of  a sinus  thrombosis,  lead  to  paralysis  of  the  optic  nerve  or 
of  the  external  ocular  muscles,  to  secondary  infection  of  the  retina 
or  choroid,  or  to  abscess  of  the  orbit. 

Accommodative  asthenopia  is  not  uncommon  after  scarlatina,  as 
after  all  of  the  exanthemata,  and  is  much  more  prone  to  recur  if, 
as  is  often  the  case,  there  is  a pre-existing  error  of  refraction. 

Diphtheria  may  be  accompanied  by  a most  destructive  form  of 
conjunctivitis  with  a characteristic  dense  infiltration  in  the  subcon- 
junctival tissue;  but  this  complication  is,  fortunately,  of  extremely 
rare  occurrence  in  this  country. 

The  ocular  lesion  most  frequently  met  with,  and  one  of  extreme 
clinical  interest,  is  the  partial  or,  rarely,  complete  paralysis  of  accom- 
modation, which  comes  on  rapidly,  and  at  times  suddenly,  from  three 
to  six  weeks  after  the  appearance  of  the  pharyngeal  lesion,  and  from 
two  to  three  weeks  after  apparent  recovery.  It  is  much  more  fre- 
quent in  children  than  in  adults,  and  often  appears  after  cases  of 
diphtheritic  infection  in  any  part  of  the  body,  and  which  may  be  so 
mild  as  to  have  entirely  escaped  detection. 

The  paralysis  is  almost  always  bilateral,  though  there  are  excep- 
tions, and  it  rarely  affects  the  iris.  It  lasts  sometimes  for  months, 
disappearing  gradually,  even  when  not  treated,  though  the  correction 
of  refraction  errors  which  impose  an  additional  burden  upon  the  ciliary 
muscle,  and  the  internal  administration  of  strychnine  and  iron,  exert 
a favorable  influence  and  shorten  the  period  of  its  duration. 

Complete  or,  more  frequently,  partial  paralysis  of  the  external 
ocular  muscles,  indicated  by  tropia  and  ptosis,  is  not  very  uncommon. 

Neuroparalytic  keratitis  from  involvement  of  the  fifth  nerve  has 
been  reported,  and  also  a number  or  cases  of  concentric  contraction  of 
the  visual  field,  with  defective  color  vision,  which  latter  Koenig  has 
attributed  to  retinal  anaesthesia 

While  in  rare  instances  hemorrhages  have  been  observed  post-mor- 
tem, near  and  even  in  the  nucleus  of  the  third  nerve,  it  seems  more 
probable  that,  as  Voelekers  has  pointed  out,  the  seat  of  the  lesion  is 
in  the  nerve  terminations  in  the  affected  muscles.  Knies  has  found 
it  difficult  to  account  for  the  phenomena  of  diphtheritic  paralysis  of 
accommodation,  excepting  on  the  theory  that  “a  definite  ptomaine 
is  produced.  anrt  that  this  has  a paralytic  action  upon  accommodation, 
while  it  ha?  no  influence  upon  the  movements  of  the  pupil. ” 

Variola  oefore  the  introduction  of  vaccination  was  a most  prolific 
cause  of  blindness,  it  having  been  estimated  that  in  Germany  35  per 
cert,  of  all  cases  of  blindness  were  due  to  this  disease.  This  per- 
centage has  now  been  greatly  reduced,  ranging,  according  to  Fuchs, 
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from  2 per  cent,  to  3.6  per  cent.  The  same  authority  states  that 
the  eyes  are  affected  in  from  1 per  cent,  to  11  per  cent,  of  all  cases 
of  variola,  according  to  the  statistics  of  various  observers.  Although 
almost  every  portion  of  the  eye  may  be  affected,  vision  is  most 
frequently  lost  by  extension  of  the  inflammatory  process  from  the 
conjunctiva  to  the  cornea. 

The  skin  of  the  lids  is  a frequent  seat  of  the  eruption,  and  it  may 
cause  cndematous  swelling,  hemorrhagic  infiltration,  abscesses,  phleg- 
mons, and  furuncles  or  localized  loss  of  tissue,  which  latter  is  especially 
serious  if  the  pustules  form  on  the  lid  margins,  where  they  are  apt 
to  lead  to  trichiasis  and  ectropion.  After  the  eruption  has  subsided 
there  is  a tendency  to  the  formation  of  abscesses,  boils,  and  disturb- 
ance of  the  glandular  structures  of  the  skin  in  other  portions  of 
the  body,  and  this  is  seen  also  in  the  lids,  where  we  have  marginal 
blepharitis,  styes,  obstruction  of  the  Meibomian  glands,  ectropion, 
trichiasis,  and  permanent  thickening  of  the  lids,  or,  if  the  destructive 
process  has  been  extensive,  great  distortion  or  loss  of  lid  tissue,  and, 
in  some  cases,  even  periostitis  and  caries  of  the  rim  of  the  orbit  have 
also  been  reported. 

As  in  measles  and  scarlatina,  the  conjunctiva  is  apt  to  be  congested, 
and  we  may  have  catarrhal  conjunctivitis  even  when  the  eye  is  not 
the  seat  of  the  eruption,  and  there  is  not  infrequently  inflammation 
of  the  mucous  membrane  of  the  lacrymal  passages. 

The  pustules  of  smallpox  may  form  on  any  portion  of  the  bulbar 
conjunctiva,  and  rarely  on  the  palpebral  mucous  membrane;  but  their 
favorite  location  is  near  the  corneal  margin,  where  they  are  smal  er 
than  when  seen  on  the  skin,  and  present  the  appearance  of  conjunctival 
phlyctenules.  There  is  severe  inflammation,  with  chemosis  and  active 
secretion,  as  in  purulent  conjunctivitis,  and  secondary  c >rncal  infec- 
tion is  very  apt  to  follow  quickly,  with  hypopyon  and  ail  that  such 
a destructive  process  means. 

Some  authorities  deny  that  the  primary  eruption  >s  ever  seen  upon 
the  cornea,  and  occurring,  as  it  usually  does,  many  days  after  the 
appearance  of  the  cutaneous  eruption,  or  even  during  convalescence, 
it  is  probable  that  the  corneal  infection  is  a secondary  process  which, 
as  Knies  has  suggested,  may  be  held  in  check  by  the  diligent  use 
of  aseptic  and  antiseptic  treatment. 

Even  when  there  is  no  conjunctivas  nor  evidence  of  eruption  on 
the  eyeball,  we  may  have  corneal  involvement,  due  apparently  to 
local  infection  by  morbid  material  circulating  in  the  blood.  Indeed, 
' this  is  by  some  authorities  said  to  be  the  most  frequent  type  of  cor- 
neal involvement  (Story),  it  occurs  usually  as  a late  manifestation, 
and  is  apt  to  be  associated  with  or  followed  by  such  serious  compli- 
cations in  other  orgais  tJ.at  a fatal  termination  is  not  uncommon. 

Iritis,  usually  as  a part  of  an  anterior  uveitis  involving  a low  grade  of 
cyclitis,  vitreous  opacities,  and  more  or  less  involvement  of  the  choroid, 
is  not  an  unusual  manifestation  during  the  late  stages  of  variola,  and 
isolated  art  as  of  choroiditis  are  sometimes,  although  rarely,  observed. 
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A few  cases  of  neuroretinitis  and  hemorrhages  into  the  optic  nerve 
have  been  described,  and  more  would  probably  be  reported  if  ophthal- 
moscopic examinations  were  more  common. 

Secondary  nephritis  is  comparatively  rare,  but  is  sometimes  present, 
and  may  be  accompanied  by  uraemic  amaurosis  and  albuminuric 
retinitis. 

Vaccination , like  other  infectious  processes,  may  cause  disease  of 
the  eyes.  Eczema  of  the  face  and  phlyctenular  disease  of  the  con- 
junctiva and  cornea,  which  sometimes  follow  or  accompany  vaccina- 
tion, are  of  comparatively  slight  importance  in  healthy  patients,  but 
in  children  and  others  of  feeble  constitution  they  may  pursue  a 
tedious  course.  Accidental  vaccination  of  the  lids,  conjunctiva,  and 
cornea  has  been  reported  many  times,  and,  whether  from  a vaccine 
pustule  or  from  a lymph  tube,  produces  a most  serious  infection.  If 
the  cornea  is  affected,  it  is  apt  to  become  the  seat  of  active  infiltration, 
strongly  resembling  a vaccine  pustule. 

While  the  transmission  of  other  diseases  by  vaccination  is  not  so 
common  as  is  generally  supposed,  it  is  by  no  means  impossible  for 
such  a result  to  follow  when  the  conditions  are  favorable,  and  when 
syphilis  is  transmitted  we  may  have  iritis  and  the  other  usual  mani- 
festations of  that  disease  in  the  eye. 

Varicella  rarely  causes  eye  complications,  but  one  instance  is 
recorded  of  iritis  accompanied  by  hypopyon. 

Typhoid  Fever.  A degree  of  hypersemia  or  conjunctivitis  may 
occur  in  typhoid  as  in  other  fevers,  and  phlyctenular  conjunctivitis 
and  keratitis  are  not  uncommon  during  convalescence.  Kerato- 
malacia may  result  in  serious  cases,  and,  with  the  profound  and  pro- 
longed somnolence  which  is  sometimes  a characteristic  of  the  late 
stages,  we  often  have  xerosis  of  the  cornea  accompanied  by  infection 
from  exposure.  A gangrenous  inflammation  of  the  lid  which  rarely 
makes  its  appearance  is  apt,  if  the  patient  survives,  to  lead  to  ectro- 
pion. 

While  not  very  common,  various  affections  of  the  uveal  tract  are 
sometimes  present,  as  anterior  uveitis,  plastic  iritis,  cyclitis,  choroi- 
ditis, and  choroidoretinitis,  with  their  accompanying  changes  in  the 
vitreous  and  later  in  the  lens. 

The  general  muscular  weakness  which  often  characterizes  the 
period  of  convalescence  efeer  typhoid  fever  manifests  itself  in  the 
eyes  as  prolonged  and  sometimes  extreme  weakness  of  accommoda- 
tion, producing  much  more  marked  symptoms  if  astigmatism  or  hyper- 
metropia  is  present.  In  addition  to  accommodative  we  often  have 
muscular  asthenopia,  especially  if  a manifest  or  latent  imbalance  of 
the  external  ocular  muscles  is  present.  True  paralysis  of  the  external 
muscles,  with  deviation  or  ptosis,  is  rarely,  though  sometimes  seen  as 
a conscience  of  typhoid  fever,  and,  as  Knies  has  well  said,  should 
suggest  a careful  study  of  the  urine. 

The  various  diseases  of  the  brain  and  spinal  cord  which  are  occa- 
sionally seen  as  sequelae  of  typhoid  fever  may  be  accompanied  by 
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characteristic  lesions  of  the  optic  nerve  and  retina.  Either  cluiing 
or  after  the  attack  we  may  have  retrobulbar  neuritis,  followed 
in  some  instances  by  atrophy;  and  neuroretinitis  with  macular 
hemorrhage  has  been  reported,  as  have  also  cases  of  amaurosis  and 
hemianopsia,  apparently  due  to  cortical  disease.  . . . 

Typhus  fever  is  known  sometimes  to  cause  catarrhal . conjunctivitis, 
inflammation  of  the  uveal  tract,  and  other  lesions  similar  to  those 
observed  in  typhoid  fever,  but  few  instances  of  such  complications 
have  been1  published. 

Typhus  recurrens  or  relapsing  fever,  like  typhoid  and  other  fevers, 
causes  more  or  less  catarrhal  conjunctivitis,  and  may  be  accom- 
panied by  phlyctenular  conjunctivitis  and  keratitis.  It  leads  also 
to  degeneration  and  weakness  of  the  muscular  system  which  result 
in  accommodative  and  muscular  asthenopia,  especially  noticeable 
during  convalescence.  Directly  or  indirectly,  the  poison  ol  this 
fever  may  so  affect  the  visual  centres,  the  tract,  or  the  optic 
nerve,  as  to  cause  temporary  or  permanent  blindness;  but  this 
is  of  rare  occurrence  when  compared  with  the  lesions  of  the 
uveal  tract  which  often  make  their  appearance  as  late  manifesta- 
tions or,  more  properly,  as  sequela;  of  typhus  recurrens.  A diffuse 
inflammation  of  the  uvea,  and  especially  of  the  ciliary  body, 
varying  in  intensity  from  little  more  than  a mild  hypenemia 
to  an  active  purulent  cyclitis,  may  be  found,  and  this  complication 
may  result  in  only  a slight  clouding  of  the  anterior  portion  of  the 
vitreous,  which  will  clear  away  completely  in  the  course  of  a tew 
weeks,  or  it  may  lead  to  an  active  choroiditis  and  retinitis,  with  pu  ru  ■ 
lent  infiltration  of  the  vitreous  and  subsequent  phthisis  bulb:  it 
frequently  assumes  the  form  of  an  anterior  uveitis  (serous  i~itis), 
and  sometimes  is  accompanied  by  hypopyon.  One  or  both  -yes  may 
be  affected,  and  while  its  occurrence  as  a complication  is  not  neces- 
sarily dependent  upon  the  severity  of  the  general  disease,  ocular 
lesions  are  of  far  more  frequent  occurrence  in  some  epidemics  than  in 
others 

Knies,  who  has  written  quite  fully  on  this  .-abject,  points  out  the 
very  important  fact  that  analogous  changes  probably  take  place  in 
the  pia  mater,  but  those  appearing  in  the  uveal  tract,  owing  to  its  inti- 
mate relation  with  the  retina  and  vitreous,  are  much  more  apparent. 

While  occlusion  of  the  pupil  by  the  exudate  from  the  ciliary  body 
and  iris  and  dense  opacities  of  tbs  vitreous,  or  even  secondary  detac  1 
ment  of  the  retina,  may  result-  in  severe  cases  and  lead  to  blindness, 
the  prognosis  is  not  generally  unfavorable,  as  the  ring  of  faint  vitreous 
opacities  is,  in  a large  proportion  of  cases,  sufficiently  absorbed  to 
admit  of  good  vision. 

Malaria  may  modify  various  diseases  of  the  eyes  which  are  due  to 
other  causes  and  give  a periodicity  to  their  manifestations  wlnca 
yields  to  the  action  of  quinine.  It  may  produce  diseases  of  other 
organs  which  indirectly  affect  the  eyes,  or  it  may  be  the  direct  cause 
of  disease  of  the  eyes. 
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Periodic  trigeminal  neuralgia,  generally  of  the  supra-orbital  branch, 
is  quite  common,  and  occasionally  true  ciliary  neuralgia  is  due  to  this 
cause. 

Conjunctivitis  and  plastic  iritis  have  been  described,  but  are  rare, 
while  keratitis  is  of  comparatively  frequent  occurrence.  Neuro- 
paralytic and  interstitial  keratitis  are  seen  at  times,  but  a more 
common  form  is  what  is  termed  dendritic  keratitis,  which  presents 
itself  as  a superficial  infiltration  with  narrow  irregular  streaks 
radiating  from  it,  sometimes  assuming  the  form  of  a serpiginous 
ulcer.  When  this  form  of  corneal  infiltration  is  found  associated 
with  tenderness  on  pressure  over  the  supra-orbital  nerves,  quinine 
in  full  doses  is  indicated,  in  addition  to  such  other  local  and  general 
treatment  as  may  be  found  appropriate.  Herpetic  corneal  eruptions 
are  also  sometimes  seen  after  prolonged  attacks  of  malarial  fever. 

Muscular  paralysis  has  rarely  been  noted,  and  temporary  and  even 
permanent  amblyopia  and  amaurosis  are  of  not  very  infrequent 
occurrence.  The  amblyopia  may  be  accompanied  by  scotomata  or 
contraction  of  the  periphery  of  the  visual  field.  Permanent  defects 
of  the  visual  field  are  due  to  partial  atrophy  of  the  optic  nerve,  and 
occur  only  in  the  more  severe  cases  of  malarial  poisoning. 

As  Knies  has  pointed  out,  a large  proportion  of  cases  of  malarial 
amblyopia  and  amaurosis  are  probably  of  central  origin,  and  when 
occurring  at  the  onset  of  the  attack  "he  considers  them  to  be  the 
result  of  ptomaine-poisoning.  A few  instances  of  malarial  hemian- 
opsia have  been  reported.  Torpor  of  the  retina  amourding  to  night 
blindness  occurs  not  infrequently  in  chronic  malarial  poisoning ; and 
Baas  has  observed  a case  of  blue  vision  appearing  with  a regular 
periodicity,  with  other  evidences  of  intermittent,  fever,  and  disap- 
pearing after  the  administration  of  quinine. 

The  prognosis  of  malarial  amblyopia  and  amaurosis  is  generally 
not  very  grave,  although  in  rare  instances  serious  defects  of  vision 
may  remain.  By  far  the  most  important  lesions  resulting  from 
malarial  infection  appear  in  the  uvea ' tract,  retina,  and  optic  nerve. 
Grave  cases  of  malarial  poisoning  ,:re  sometimes  accompanied  by 
intra-ocular  hemorrhages  which  may  appear  at  the  onset  of  the  disease, 
but  are  more  common  in  the  later  stages;  and  Poncet  has  established 
the  fact  that  the  accompanying  changes  in  the  choroid  and  retina 
are  due  to  obstruction  of  the  capillaries  and  smaller  vessels  by  pig- 
ment flakes  and  other  abnormal  elements  in  the  blood.  He  found 
on  autopsy  “oedema,  hemorrhages,  lesions  of  the  walls  of  the  vessels, 
and  thrombosis  and  small  inflammatory  foci  with  and  without  pig- 
ment, ” etc. 

The  vitreous  opacities,  exudative  retinitis  and  choroiditis,  and 
hemorrhage,  or  exudation  into  the  optic  nerve  may  result  in  serious 
defects  of  \ is»on,  but  fortunately  such  results  are  of  infrequent  occur- 
rence 

, Influenza,  which  may  be  an  important  factor  in  the  causation  of 
Cii  >eases  of  almost  every  organ  in  the  body,  makes  no  exception  of 
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the  eye;  but  while  in  its  erratic  course  it  may  produce  an  almost 
infinite  variety  of  eye  symptoms,  there  is  little  uniformity  in  their 
character,  and  few  of  them  appear  with  such  frequency  as  to  make 
them  typical  manifestations  of  this  disease. 

Conjunctival  hypersemia,  with  more  or  less  lacrymation  and  photo- 
phobia, is  of  extremely  frequent  occurrence  as  an  early  manifestation, 
and,  especially  when  the  nasal  mucous  membrane  is  actively  involved, 
we  may  have  an  acute  catarrhal  or  mucopurulent  conjunctivitis. 
Pre-existing  conjunctivitis  in  its  various  forms  is  apt  to  be  aggra- 
vated, oedema  of  the  conjunctiva  may  be  present,  and  sometimes 
we  have  a number  of  minute  extravasations  of  blood  into  the  con- 
junctiva as  a result  of  the  attacks  of  severe  coughing. 

(Edema  of  the  upper  lids  is  sometimes  present  in  the  period  ot 
convalescence,  and  rarely  inflammation  of  the  lacrymal  gland  has 

been  known  to  develop.  . 

A deep  abscess  of  the  lids  is  seen  at  times  as  a late  manifestation, 
and  has  been  attributed  to  involvement  of  the  frontal  sinus;  and 
hordeola  are  of  not  infrequent  occurrence,  while  embolic  orbital  sup- 


puration has  been  recognized  in  rare  cases. 

Dacryocystitis  is  apt  to  develop  if  a stenosis  has  already  existed. 
Paresis  of  accommodation  as  a sequela  of  influenza  is  not  very 
uncommon,  but  true  paralysis  is  rare,  and  nuclear  or  peripheral 
paralysis  of  the  extrinsic  ocular  muscles,  although  sometimes  seen, 
is  of  very  infrequent  occurrence,  resulting  in  tropia  or  ptosis.  BleP  “ 
arospasm  is  found  more  frequently.  The  neuralgic  pain  and  ten- 
derness of  the  eye  and  its  surroundings  are  probably  due  in  laige 
part,  as  Knies  has  suggested,  to  a low  form  of  orbital  periostuis, 
resulting  from  disease  of  the  mucous  lining  of  the  frontal  sinus  and 

other  periorbital  cavities.  . 

Phlyctenular  keratitis,  at  times  associated  with  phlyctenular  con- 
junctivitis, has  occasionally  been  reported;  and  also  punctate  super- 
ficial keratitis  and  herpes  of  the  lid  and  cornea,  in  the  latter  situation 
sometimes  assuming  the  form  to  which  the  tern,  dendritic  has  been 

^Various  affections  of  the  uveal  tract  have  been  reported,  although 
it  is  not  so  frequently  involved  as  we  would  expect  when  we  remem- 
ber how  often  influenza  occurs  in  those  of  such  age  as  to  have  vul- 
nerable bloodvessels.  , , „ 

Judging  by  his  personal  experience,  the  author  would  say  that  a 
low  grade  of  hyalitis  is  the  most  frequent  manifestation  of  involve- 
ment of  the  uveal  tract  as  a sequela  of  influenza,  although  hypersemia 
of  the  iris,  plastic  iritis,  embolic  iridocyclitis,  purulent  uveitis  with 
hypopyon,  and  even  panophthalmitis,  have  been  reported,  and  cases 
have  been  described  which  resulted  in  the  development  of  a purulent 

te*Non-septic  embolism  of  the  central  retinal  artery  has  been  reported 
in  a few  cases  but  in  so  rare  a complication  we  should  bear  m mini 
the  possibility  of  a coincident  cause.  Although  not  of  frequent  occur- 
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rence,  a number  of  instances  of  optic  neuritis  have  been  recorded, 
some  resulting  in  partial,  and  others  in  complete  atrophy  of  the  optic 
nerve;  and  Berger  mentions  several  cases  of  temporary  amaurosis 
which  were  probably  due  to  the  toxic  effect  of  the  ptomaines  devel- 
oped during  an  attack  of  influenza. 

Glaucoma  has  been  known  to  be  precipitated  by  an  attack  of  in- 
fluenza, but  it  is  probable  that  defective  bloodvessels  and  other 
unfavorable  conditions  contributed  to  this  result. 

Whooping-cough.  Conjunctival  injections,  photophobia,  and  lacry- 
mation  are  not  uncommon  in  the  early  stages  of  pertussis,  and  phlyc- 
tenular disease  of  the  conjunctiva  and  cornea,  sometimes  occurs  as  a 
sequela. 

But  while  we  occasionally  meet  with  evidences  of  disease  in  the 
eyes  which  may  be  said  to  result  from  indirect  action  of  the  in- 
fective agent,  by  far  the  larger  proportion  of  the  ocular  mani- 
festations are  of  purely  mechanical  origin,  and  result  from  the  in- 
creased intravascular  tension  due  to  the  spasmodic  cough.  Hemor- 
rhages in  the  conjunctiva  and  lids  are  absorbed  within  a few  weeks, 
leaving  no  trace,  and  small  hemorrhages  in  the  orbit  may  escape 
notice,  while  large  ones,  which  fortunately  are  rare,  may  cause  exoph- 
thalmos. 

Paralysis  of  the  ocular  muscles  may  occur,  with  consequent  stra- 
bismus or  ptosis,  and  is  due  to  hemorrhages. 

Convergent  squint,  the  earliest  appearance  of  which  so  frequently 
follows  the  various  infectious  diseases  of  childhood,  seems  to  occur 
with  great  frequency  after  whooping-cough,  though  : is  seldom  due 
to  paralysis,  and  is  associated  usually  with,  and  hi  a large  measure 
dependent  upon,  hypermetropia. 

Mumps.  In  addition  to  oedema  of  the  lids,  conjunctivitis,  kera- 
titis, and  rarely  iritis,  mumps  may,  like  other  infectious  diseases, 
occasionally  be  the  cause  of  serious  congestion  or  even  inflammation 
of  the  optic  nerve  and  retina,  or  primary  optic  nerve  atrophy.  Paresis 
of  the  ocular  muscles  and  of  accommodation  may  result,  and  metas- 
tatic iridocyclitis  has  been  reported 

Like  the  testicle,  the  lacryma!  gland  may  be  the  seat  of  an  inflam- 
mation apparently  due  to  the  same  sources  of  infection  as  that  which 
produces  the  parotitis,  or  at  least  secondary  to  inflammation  of  the 
parotid  gland. 

Cholera.  With  the  sudden  onset  of  emaciation  and  great  loss  of 
blood  serum  which  are  characteristic  of  it,  cholera  produces  a striking 
change  in  the  ex  pression  of  the  eyes,  and  often  is  accompanied  by 
profound  lesions  in  the  deeper  structures  which,  to  a limited  degree, 
may  be  seen  hi  severe  cases  of  other  forms  of  disease  of  the  gastro- 
intestinal tract,  such  as  cholera  infantum  and  ordinary  cholera  mor- 
bus. The  cyanosis  and  shrinking  of  the  eyeballs  into  the  orbit,  with 
shrinkage  of  the  lids  due  to  absorption  of  fluid,  and  the  weakness 
of  the  orbicularis  palpebrarum  muscle,  with  its  resulting  imperfect 
c osure  of  the  palpebral  fissure,  give  to  these  cases  a most  striking 
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and  alarming  expression.  There  is  a lack  of  secretion,  resulting  in 
great  dryness  of  the  conjunctiva  and  cornea,  and  it  is  said  that 
neither  the  great  pain  nor  the  contact  of  irritating  substances  is 

sufficient  to  provoke  lacrymation.  .. 

While  by  a great  effort  the  patient  can  close  the  lids,  they  habitually 
remain  partially  open,  exposing  the  inferior  bulbar  conjunctiva  and 
lower  portion  of  the  upturned  cornea,  which  often  becomes  the  seat 
of  an  ulcer  and,  if  the  patient  recovers,  of  a leucoma.  The  exposed 
conjunctiva  may  be  merely  injected  or  in  more  severe  cases  inflamed 
and  xerotic.  A peculiar  form  of  irregular  grayish  patches,  some- 
times isolated  and  sometimes  confluent,  is  seen  about  the  cornea 
border  in  severe  cases.  They  are  attributed  by  Kmes  to  choroidal 
hemorrhages  shining  through  the  thinned  sclera,  anti  are  of  grave 
prognostic  significance,  as  are  also  the  spontaneous  hemonhages 
which  at  times  appear  beneath  the  conjunctiva.  . 

Myosis  seems  more  common  than  mydriasis,  though  the  after  is 
sometimes  observed.  Active  reaction  to  light  is  a favorable  prog- 
nostic sign,  while  even  in  apparently  mild  cases  immovable  pupils 
almost  certainly  indicate  a fatal  termination.  _ Owing  to  the  weakness 
of  the  cardiac  muscle  and  the  marked  lowering  of  the  general  intra- 
vascular pressure  when  the  disease  is  in  the  algid  stage,  great  varia- 
tions in  the  appearance  of  the  fundus  are  to  be  noted  on  light  digital 
pressure  during  an  ophthalmoscopic  examination.  An  interruption 
of  the  blood  current  and  intermittent  circulation  is  sometimes  ob- 
served resembling  that  which  accompanies  restoration  of  the  normal 
movement  after  an  embolism  of  the  central  retinal  artery  has  been 

^Yellow' Fever.  While  many  cases  of  yellow  fever  exhibit  nc  char- 
acteristic eye  lesions,  we  may  have  intra-ocular  hemorrhage  with  its 
serious  consequences  in  impaired  vision,  or  uraemic  amaurosis  asso- 
ciated with  cerebral  symptoms,  and  in  either  case  the  prognosis  is 

^'Syphilis  in  all  of  its  stages  may  affect  the  eyes  and  while  the 
course  it  pursues  in  this  organ  depends  much  upon  the  virulence  and 
the  stage  of  the  general  infective  process  at  the  time  the  eye  is  in- 
volved, and  upon  the  part  affected,  no  portion  entirely  escapes  its 
ravages,  although  the  uveal  tract,  became  of  its  great  vascularity, 
seems  to  be  its  more  usual  point  of  selection  in  the  acquired  forn  , 
and  iritis,  cyclitis,  choroiditis,  and  hyalitis  are  its  more  common 

ocular  manifestations.  , , , , , • . + 

Syphilis  does  not  very  frequently  produce  absolute  loss  of  s g , 
Mangus  having  found  2.2  per  cent,  of  blindness  due  to  this  cause ; but, 
especially  in  large  cities,  where  syphilis  is  more  or  less  common,  it 
is  a frequent  cause  of  marked  impairment  of  vision  A exander  fro 
a study  of  the  statistics  of  eight  German  ophthalmological  clinics 
has  estimated  that  2.16  per  cent,  of  diseases  of  the  eye  are  the  result 
of  syphilis.  This  would  probably  be  a high  estimate  if  it  applied  to 
both  hospital  and  private  practice,  at  least  in  America. 
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Our  attention  will  first  be  directed  to  acquired  syphilis  in  its  various 
forms,  the  subject  of  congenital  or  hereditary  syphilis  being  consid- 
ered later. 

The  initial  lesion  may  be  found  upon  some  portion  of  the  eye  or 
its  appendages,  and,  if  we  except  the  genital  organs  and  the  mouth, 
this  is  relatively  a frequent  point  of  primary  infection.  Hard 
chancres  have  been  found  upon  the  lids,  especially  at  the  free  margin 
where  the  cutaneous  and  mucous  surfaces  join,  upon  the  palpebral 
conjunctiva,  the  plica  semilunaris,  the  caruncle,  in  the  retrotarsal 
folds,  very  rarely  upon  the  bulbar  conjunctiva,  and  even  upon  the 
cornea.  The  most  common  locations  seem  to  be  the  caruncle  and 
free  margin  at  the  inner  canthus  and  along  the  lower  lid.  Infection 
may  be  the  result  of  a kiss  from  an  individual  with  a mucous  patch 
on  the  mouth,  or  from  contact  of  infected  fingers.  Instances 
have  been  recorded  in  which  attendants  and  physicians  were 
infected  in  the  latter  manner  while  treating  syphilitic  patients.  The 
characteristic  hard  sore  develops,  first  presenting  the  appearance  of 
a pimple,  which  later  breaks  down  into  a shallow  ulcer  with  rounded 
edges  and  an  indurated  base.  The  enlargement  of  the  lymphatic 
glands  at  the  angle  of  the  jaw  and  in  front  of  the  ear,  which  is 
quite  characteristic  and  sometimes  extensive,  should  aid  in  distin- 
guishing a chancre  from  simple  ulcerations  due  to  other  causes. 
Though  recovery  may  be  quite  complete,  the  induration  often  con- 
tinues for  many  months,  which  is  apt  to  be  mislead  ng.  1 mless  the 
case  is  carefully  observed.  Hard  chancre  of  the  lids  may  be  confused 
with  epithelial  cancer,  and  chancroid  may  be  found  In  the  same 
locations,  making  it  necessary  at  times  to  await  the  development  of 
secondary  manifestations  to  determine  the  cause 

Secondary  manifestations  in  the  form  of  roseola  or  acne-like 
eruptions  may  affect  the  skin  of  the  lids  an  t cause  loss  of  the 
lashes,  and  characteristic  ulcerations  cf  the  tertiary  stage  may 
appear  later. 

Rarely  there  are  mucous  patches  on  tne  palpebral  and  even  upon 
the  bulbar  conjunctiva,  and  gummy  tumors  of  the  ocular  conjunc- 
tiva have  been  seen,  de  Schwemie^  mentions  an  inflammation  of 
the  conjunctiva  assuming  the  form  of  a catarrhal  conjunctivitis  or 
follicular  trachoma,  developing  “in  an  anamiic  and  rather  colloid- 
looking conjunctiva/'  which  yielded  only  to  antisyphilitic  treat- 
ment. 

An  interstitial  or  gummatous  inflammation  of  the  lacrymal  gland 
has  been  seen  in  rare  instances,  and  syphilitic  disease  of  the  perios- 
teum and  secondarily  of  the  bony  walls  and  orbital  contents  is  of 
relatively  frequent  occurrence,  causing  protrusion  or  fixation  of  the 
globe  and  all  of  the  evidences  of  exudative  disease  or  tumor  in  this 
region,  sometimes  going  on  to  suppuration  and  the  formation  of 
fistulse. 

A careful  study  of  the  history  and  other  manifestations  of  syphilis 
is  necessary  to  determine  the  true  nature  of  such  cases,  and  a positive 
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diagnosis  is  sometimes  made  only  after  the  symptoms  have  yielded  to 

alterative  treatment.  ...... 

Syphilitic  disease  of  the  nose  not  infrequently  leads  to  disease 
of  the  mucous  lining,  periosteum,  anti  bony  walls  of  the  lacrymal 
passages,  producing  dacryocystitis,  and  later  firm  stenosis  or  bony 

°CThe°uveal  tract,  as  has  been  stated,  is  the  point  of  selection 
for  syphilis  of  the  eye,  especially  in  the  secondary  stage  and,  owing 
to  the  intimate  relation  of  the  choroid  and  retina,  and  the  depen- 
dence of  the  vitreous  humor  upon  the  uveal  tract  for  its  nutrition, 
we  are  apt  to  find  an  extensive  inflammation  of  one  portion,  mvo ly- 
ing the  others  to  a greater  or  less  degree.  This  is  more  especially 
true  of  chronic  diseases,  in  which  prolonged  impairment  of  nutrition 
plays  an  important  part;  but  it  is  probable  that  the  difference  is 
only  one  of  degree,  and  even  in  an  acute  plastic  iritis  we  have,  to 
some  extent,  a secondary  involvement  of  the  whole  uveal  tract  and 
incipient  changes  in  the  retina  and  vitreous.  # 

Friedenwald1  has  demonstrated  that  in  every  case  of  intis  a prop- 
erly conducted  examination  will  reveal  deposits  upon  Descemet  s 
membrane,  which  is  the  only  part  of  the  uveal  tract  in  addition  to 
the  iris,  in  which  such  an  investigation  can  be  satisfactorily  made 
during  the  active  stage  of  iritis. 

Plastic  iritis  as  an  early  manifestation  of  general  syphilis  com- 
monly makes  its  appearance  between  the  second  and  ninth  month 
after  the  initial  lesion,  though  it  may  appear  many  months  later. 
Both  eyes  may  be  attacked  simultaneously,  though  it  often  happens 
that  prompt  and  vigorous  treatment  will  prevent  involvement 
of  the  second  eye.  Authorities  differ  as  to  the  frequency  of  intis  in 
syphilis,  some  placing  it  as  low  as  0.42,  while  others  state  that  5 37 
per  cent,  of  syphilitic  patients  have  iritis.  Alexander,  who  has  made 
an  extensive  research  into  the  statistics  of  syphilis,  pi^es  the  pro- 
portion of  cases  of  iritis  in  which  syphilis  can  be  assigned  as  the  cause 
at  from  30  to  60  per  cent.  Simple,  plastic  intis  of  syphilitic  ongm 
has  no  characteristics  which  of  themselves  prove  its  etiology , and  the 
diagnosis  of  syphilis  must  be  based  upon  other  evidence;  but  in  a 
certain  proportion  of  cases,  variously  estimated  at  15  to  20 
we  have  “iritis  gummosa,  papulosa,  or  condylomatosa,  which 
sufficiently  typical  to  afford  a fair  basis  ior  a diagnosis.  Often  asso- 
ciated with  a small  hypopyon,  we  find  in  these  cases  a yellow  or  c 
orange-colored  nodule,  generally  s fuated  near  the  lower  marg 
the  pupil  and  surrounded  by  a narrow  zone  of  red.  In  1 
stages  of  severe  syphilitic  infection,  we  sometimes  have  large  &u™my 
tumors,  almost  filling  the  anterior  chamber.  With  the  exception 
of  the  crystalline  lens  any  portion  of  the  eye  may  be  the  seat  ote a 
syphilitic  lesion  taking  the  form  of  a gumma  or  interstitial  inflam- 
mation accompaiitd  by  atheromatous  thickening  of  tie  in  ima 
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the  bloodvessels,  which  often  results  in  occlusion;  and  as  these  vas- 
cular lesions  do  not  entirely  disappear  under  treatment,  they  some- 
times lead  in  the  eye,  as  they  do  in  the  brain,  to  the  impaired  nutri- 
tion, hemorrhages,  etc.,  which  account  for  many  of  the  indirect  late 
manifestations  of  syphilis. 

It  is  of  great  importance  to  bear  in  mind  that  antisyphilitic  treat- 
ment can  have  little  effect  upon  such  late  lesions,  and  it  by  no  means 
follows  that  a lesion  of  long  standing  is  not  of  syphilitic  origin  because 
it  fails  to  respond  to  antisyphilitic  treatment.  Anterior  uveitis  of 
the  form  sometimes  spoken  of  as  serous  iritis  or  descemetitis  may 
be  found  as  a result  of  syphilitic  infection  of  an  asthenic  type,  but 
such  cases  are  of  rare  occurrence. 

Syphilitic  cyclitis  and  choroiditis  of  almost  every  degree  of  severity 
appear  with  relative  frequency,  and  the  latter  is  associated  usually 
with  retinitis  and  hyalitis.  While  a large  proportion  of  cases  of 
choroiditis  have  their  origin  in  syphilis,  it  is  the  opinion  of  the  writer 
that  the  text-books  on  ophthalmology  have  given  undue  weight  to 
this  disease  as  an  etiological  factor;  and  though  stress  has  been  laid 
upon  certain  characteristics  as  indicating  such  a cause,  there  are  no 
infallible  ophthalmoscopic  appearances  which,  taken  alone,  will  war- 
rant a diagnosis  of  syphilis.  In  deference  to  the  opinion  of  some 
high  authorities,  it  should,  however,  be  stated  that  disseminated 
choroiditis,  and  especially  symmetrical  choroiditis  areolata,  and  the 
existence  of  large  quantities  of  fine,  dust-like  vitreous  opa  cities,  are 
of  not  infrequent  occurrence,  and  are  by  many  regarded  as  pathog- 
nomonic of  syphilis. 

Inflammation  of  the  choroid,  which  may  be  disseminated  or  areolar 
in  type,  is  sometimes  mild,  but  more  frequently  severe  in  character. 
When  it  appears  in  the  earlier  stages  of  the  infection  and  is  treated 
promptly  and  thoroughly,  syphilitic  choroi  litis  often  yields  readily; 
but,  as  in  other  structures,  in  the  later  stages  of  the  disease,  when 
extensive  changes  have  taken  place  in  the  vessel  walls,  we  cannot 
expect  prompt  response  to  alterative  treatment,  however  active  it 
may  be. 

In  association  with  syphilitic  cyclitis  and  iritis,  syphilitic  choroid- 
itis not  infrequently  results  in  enure  loss  of  sight,  detachment  of  the 
retina,  softening,  and  phthisis  bulbi.  It  is  almost  invariably  accom- 
panied by  more  or  less  exte  .isive  retinitis,  and  is  properly  designated 
as  choroidoretinitis.  Unless  the  macular  region  is  involved  or  vit- 
reous opacities  are  present,  choroiditis  and  choroidoretinitis,  even 
though  quite  extensil  e,  are  apt  to  escape  the  attention  of  the  patient; 
but  when  central,  the  earlier  stages  are  manifested  by  a variety  of 
more  or  less  pronounced  subjective  symptoms,  evidently  due  to  irri- 
tation and  disturbance  of  the  outer  layers  of  the  retina  by  the  diseased 
choroid  Photophobia,  sparks  before  the  eyes,  micropsia,  metamor- 
phop-'ia,  subjective  colored  vision,  etc.,  soon  give  place  to  diminished 
visual  acuity,  torpor  of  the  outer  layers  of  the  retina,  and  often  a 
positive  scotoma,  followed  by  general  clouding  due  to  vitreous  dust 
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or  larger  opacities.  As  the  disease  progresses  and  produces  more  and 
more  disturbance  of  the  pigment  epithelium,  we  have  a variety  of 
ophthalmoscopic  pictures  of  retinitis,  some  to  a degree  resembling 
retinitis  pigmentosa,  in  which  at  the  point  of  adhesion  between  the 
choroid  and  retina  the  pigment  of  the  former  emigrates  into  the 
latter,  some  due  to  areas  of  dense  retinal  opacity,  and  others  in  which 
the  characteristic  specific  exudation  has  produced  changes  in  the 
appearance  of  the  retinal  vessels.  The  dust-like  opacities  of  the  vit- 
reous, sometimes  spoken  of  as  pathognomonic  of  syphilis,  the  writer 
has  found  in  many  cases  which  were  undoubtedly  due  to  other  causes. 
While  sometimes  appearing  as  early  as  six  months  after  the  pri- 
mary infection,  syphilitic  choroidoretinitis  is  usually  a late  mani- 
festation. 

The  prognosis  as  to  vision  must  depend  largely  upon  the  stage  at 
which  treatment  is  undertaken  and  the  part  of  the  retina,  involved. 

If  the  macular  region  is  the  seat  of  the  disease,  we  almost  invariably 
have  serious  impairment  of  vision. 

The  cornea,  sclera,  and  oculo-orbital  fascia  may  be  the  seat  ot 
acquired  syphilis,  but  involvement  of  these  structures  is  of  rare 
occurrence,  and  is  generally  secondary  to  disease  of  other  parts  oi 

the  eye.  . , , 

Syphilitic  optic  neuritis,  not  secondary  to  disease  at  the  base  ot  the 
brain  or  in  the  other  structures  of  the  eye,  though  of  rare  occurrence, 
has  been  observed,  and  simple  double  atrophy  of  the  optic  nerves  is 
said  to  occur  at  times  unaccompanied  by  spinal  symptoms. 

An  almost  infinite  variety  of  lesions  in  the  cortex,  at  the  base,  ar.u, 
indeed,  in  every  portion  of  the  brain,  may  result  from  syphilis,  mani- 
festing themselves  in  the  production  of  cortical  symptoms,  such,  as 
hemianopsia,  etc.,  and  by  their  effect  upon  the  optic  nerve  and  retina 
and  the  motor  and  sensory  nerves  of  the  eyes.  This  subject  is  more 
properly  dealt  with  in  the  section  on  diseases  of  the  nervous  system, 
but  a brief  review  will  here  be  given  of  the  more  important  considei  a- 
tions  in  connection  with  syphilitic  paralysis  of  the  ooiiar  muse  es. 

The  paralysis  is  usually  peripheral.  The  muscle  itself  may  be 
the  seat  of  the  disease,  or  a gummatous  growth  may  develop  in  the 
neighborhood  of  the  nerve  as  it  passes  through  the  orbit  or  at 
the  base  of  the  brain,  or  a specific  les’or.  may  affect  the  nuclei  or 
the  point  of  origin  of  the  nerve  in  the  third  or  fourth  ventricle  or  in 

the  aqueduct  of  Sylvius.  . 

According  to  Alexander,  59. 1 per  cent,  of  paralyses  of  the  ocu  ar 
muscles  are  due  to  syphilis.  They  are  usually  late  manifestations, 
rarely  appearing  during  the  first  six  months,  and  while  they  may 
develop  rapidly  or  come  on  very  gradually,  they  usually  respond  to 
treatment  rather  slewlv  'n  those  cases  which  prove  to  be  curable. 
Naunyn,  quoted  by  Knies,  reports  70  per  cent,  of  recoveries,  but  states 
that  if  improvement,  does  not  manifest  itself  within  two  weeks  um  lei 
vigorous  treatment  there  is  no  hope  of  recovery.  Other  authorities, 
however  t nco  ^rage  perseverance  for  a much  longer  period.  Relapses 
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are  uncommon  if  the  treatment  is  maintained  for  a sufficient  length 
of  time. 

While  in  some  instances  it  may  be  the  first  symptom  of  syphilis, 
and  therefore  of  great  diagnostic  importance,  paralysis  of  an  ocular 
muscle  is  found  more  frequently  in  association  with  other  evidences 
of  this  disease.  According  to  Knies,  the  isolated  paralyses  “are  due 
either  to  neuritis  and  perineuritis  of  the  nerve  roots  and  at  the  base 
of  the  brain,  or  they  are  nuclear  in  origin;  other  causes  are  .excep- 
tional.” 

Unilateral  paralysis  of  the  branches  of  the  third  nerve  supplying 
the  sphincter  of  the  iris  and  the  ciliary  muscle  is  not  uncommon. 
Paralysis  of  the  fourth  and  facial  nerves  is  rare,  representing  about 
1 to  2 per  cent,  each  of  all  cases  due  to  syphilis,  while  the  sixth  is 
affected  in  about  25  per  cent.,  and  the  oculomotor  in  75  per  cent. 
Paralysis  of  the  fourth  and  seventh  nerves  when  present  is  apt  to  be 
associated  with  paralysis  of  the  third  or  sixth. 

In  considering  the  question  of  the  presence  of  syphilis  in  a given 
case  of  disease  of  the  eye,  it  should  be  remembered  that  we  are  largely 
dependent  upon  collateral  evidence,  as  the  cases  are  very  rare  in 
which  the  ocular  lesions  taken  alone  are  pathognomonic.  Thera- 
peutic measures  as  a means  of  diagnosis  are  at  times  of  great  value; 
but  while,  on  the  one  hand,  many  non-syphilitic  lesions  are  favorably 
influenced  by  the  use  of  the  so-called  alterative  treatment,  it  is  a well- 
recognized  fact,  wrhich  has  already  been  referred  to,  that  there  are 
certain  late  manifestations  or  results  of  syphilis,  especiafly  in  the 
nervous  system  and  eye,  upon  which,  owing  to  secondary  changes 
in  the  vessel  walls  or  the  non-vascular  nature  of  the  tissues  affected, 
the  iodides  and  salts  of  mercury  appear  to  exercise  no  influence. 
Patients  whose  tissues  have  undergone  such  changes,  though  no 
longer,  properly  speaking,  the  subjects  of  active  syphilis,  may  develop 
erratic  attacks  of  various  forms  of  oculai  paralysis  somewThat  resem- 
bling true  syphilitic  paralysis,  but  more  hke  those  seen  in  multiple 
sclerosis.  These  symptoms  will  net  yield  to  antisyphilitic  treat- 
ment. 

Congenital  Syphilis.  Owing  possibly  to  attenuation  of  the  specific 
poison  in  transmission  through  the  tissues  of  the  mother,  or  to  a 
process  of  selection  by  which  only  the  less  serious  cases  survive,  con- 
genital syphilis  is  usually  a milder  disease  in  its  effects  upon  the  eyes 
than  is  the  acquired  form,  and  it  runs  quite  a different  course,  although 
it  is  often  far  more  obstinate  and  unyielding  to  treatment.  Intra- 
uterine syphilis,  on  the  other  hand,  is  said  to  run  its  course  much 
more  rapidly,  the  foetus  in  many  instances  dying  of  tertiary  syphilis. 

As  in  the  acquired  form,  it  is  the  uveal  tract  that  is  the  point  of 
selection  in  congenital  syphilis,  and  while  diffuse  interstitial  or  “par- 
enchymatous” keratitis  is  its  most  common  and  easily  observed 
manifestation,  this  is  what  has  been  termed  an  emigration  keratitis, 
and  is  secondary  to  and  in  association  with  other  lesions  of  the  uveal 
t 'auG. 
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Choroiditis  in  its  various  forms,  and  mild  or  most  severe  plastic 
iritis,  iridocyclitis,  and  iridochoroiditis  develop  in  some  instances,  and 
are  accompanied  by  softening  of  the  eyeball. 

As  the  various  structures  of  the  eye  may  be  primarily  or  secondarily 
affected,  either  in  utero  or  in  early  childhood,  it  will  be  readily  under- 
stood that  opacities  of  the  cornea,  occlusion  of  the  pupil,  cataract, 
opacities  of  the  vitreous,  and  atrophy  of  the  choroid,  retina  and  optic 
nerve  are  not  infrequently  met  with  in  congenital,  syphilis.  Con- 
genital atrophy  of  the  optic  nerve  or  neuritis  is  not  infrequently  the 
result  of  intra-uterine  meningitis  of  syphilitic  origin. 

As  in  acquired  syphilis,  we  sometimes  find  in  the  congenital  form 
that  periostitis  or  caries  of  the  walls  of  the  orbit  leads  to  most  trouble- 
some symptoms,  among  which  persistent  occlusion  of  the  nasal  duct 
is  of  not  infrequent  occurrence. 

Paralyses  of  the  ocular  muscles  may  also  occur,  but  are  rare.  By 
far  the  most  frequent  ocular  manifestation  of  congenital  syphilis, 
as  has  been  stated  above,  is  diffuse  interstitial  keratitis,  and  while 
this  may  be  due  to  other  causes,  its  presence  should  always  lead  to  a. 
careful  investigation.  The  evidences  of  the  inheritance  of  a syphilitic 
taint  are  too  well  known  to  require  consideration  here;  but  while 
certain  Continental  writers  have  been  inclined  to  accept  with,  many 
qualifications  the  indications  pointed  out  by  Hutchinson  in  the 
peculiar  formation  of  the  incisor  teeth,  and  while  other  diseases 
doubtless  may,  in  rare  instances,  produce  similar  changes,  the  writer 
has  found  them  so  frequently  associated  with  congenital  syphilis 
that  when  present  he  regards  them  as  of  the  greatest  diagnostic  valut. 

As  in  all  late  manifestations  of  syphilis,  many  of  the  symptoms  of 
the  hereditary  form  of  the  disease,  especially  those  appearing  after 
infancy,  are  due  to  secondary  changes  not  the  immediate  result,  of 
the  infection,  and  it  is  a mistake  to.  expect  results  from  alterative 
treatment,  such  as  may  be  obtained  in  the  earlier  year?  of  acquired 
syphilis.  Too  great  persistence  in  the  use  of  the  iodides  and  mer- 
curials in  such  cases  may  do  great  harm;  but,  or.  the  other  hand,  the 
writer  is  convinced  by  his  own  experience  that  judgment  and  dis- 
crimination should  be  exercised  in  this  as  in  ah  questions  of  therapeu- 
tics, and  the  above  principle  must  not  be  too  slavishly  adhered  to, 
as  it  not  infrequently  happens  that  brihiunt  results  are  obtained,  by 
the  discreet  use  of  these  remedies  even  in  subjects  of  congenital 
syphilis  who  are  no  longer  young. 

Leprosy  often  has  a very  long  period  of  incubation,  and  the  primary 
lesion  is  apt  to  escape  attention.  It  is  very  prone  to  affect  the  lids 
and  brows;  the  former,  a^rding  to  Lopez,  being  involved  at  some 
time  in  the  course  of  almost  every  case  of  this  disease.  Eklund  has 
stated  that  infection  often  occurs  in  the  conjunctival  sac  from  the 
use  of  towels,  and  the  bacilli  of  leprosy,  resembling  those  of  tuber- 
culosis, have  been  found  in  the  tears. 

The  eyebrowe  and  lids  may  be  the  seat  of  anaesthetic  patches  or 
nodules,  which  lead  to  loss  of  the  hair  of  the  brows  and  the  eyelashes, 


and  when  ulceration  takes  place  we  are  apt  to  have  ectropion  or  en- 
tropion. Lopez  calls  attention  to  the  occurrence  of  lagophthalmos 
due  to  involvement  of  the  terminal  motor  nerve  elements  distributed 
to  the  orbicularis  muscle. 

In  the  conjunctiva  leprosy  produces  anaesthesia,  followed  by  chronic 
conjunctivitis;  and  pterygia  and  tubercles  may  develop,  which  fre- 
quently lead  to  keratitis  and  pannus,  especially  of  the  lower  half  of  the 
cornea.  The  tubercles  of  the  conjunctiva  may  terminate  abruptly  at 
the  corneal  margin  and  lead  to  secondary  clouding  and  other  degen- 
erative changes,  or  the  deeper  layers  of  the  cornea  may  be  the  seat  of 
the  leprous  tubercles.  In  a later  period  of  the  disease  we  may  have 
distinct  involvement  of  the  cornea,  resembling  interstitial  keratitis, 
and  ulcers  are  not  uncommon. 

Involvement  of  the  iris  may  be  secondary  to  keratitis,  but  is  some- 
times an  early  manifestation,  and  may  take  the  form  of  an  acute  iritis 
or  the  development  of  grayish  nodules  or  tubercles,  especially  near 
the  periphery  in  the  lower  half.  If  the  disease  reaches  the  iris,  we  are 
apt  to  find  vitreous  opacities,  cyclitis,  and  choroiditis,  with  secondary 
cataract ; and  in  the  late  stages  there  may  also  be  involvement  of  the 
choroid  and  retina.  The  progress  of  leprosy  is  slow,  and  the  fact  that 
small  nodules  in  the  iris  have  been  known  to  disappear  under  treat- 
ment is  referred  to  by  Knies. 

Tuberculosis.  While  primary  tubercular  infection  of  the  eye  is 
sometimes  observed,  it  is  of  not  very  frequent  occurrence,  but  second- 
ary involvement  is  far  more  common. 

Lupus,  which  is  generally  conceded  to  be  of  tuberculai  origin,  may 
appear  upon  the  lid  as  an  ulcerated  area,  with  red  granular  patches, 
and  later  may  extend  to  the  conjunctiva,  and  finally  to  the  eyeball, 
causing  its  destruction.  The  conjunctiva,  if  +i:e  surface  is  broken, 
may  be  the  seat  of  primary  infection.  This,  although  unusual,  has 
been  well  established  in  a small  number  of  cases.  In  some  instances 
we  have  tubercular  infection  of  the  conjunctiva,  which  in  appearance 
for  a time  resembles  trachoma,  although  its  later  course,  the  fact  that 
it  will  not  yield  to  ordinary  treatment,  and  its  frequent  association 
with  nasal  and  laryngeal  tuberculosis  will  determine  its  char- 
acter. More  frequently  we  hod  “caseating”  ulcers  with  irregular 
raised  edges,  sometimes  covered  with  grayish  nodules,  showing  a 
tendency  to  slough.  This  may  be  associated  with  considerable  swell- 
ing of  the  lids;  there  5*  enlargement  of  the  lymphatic  glands  of  the 
corresponding  side,  cu?d  the  patients  are  apt  to  show  other  evidences 
of  tuberculosis. 

The  diagnosis  may  be  made  more  certain  by  the  microscopic 
examination  of  small  pieces  of  tissue  or  particles  of  the  cheesy  con- 
tents of  the  nodules  or  by  inoculation. 

Tubeicks  of  the  iris  containing  the  characteristic  bacilli,  and  also 
giant  cells,  are  found  occasionally  as  an  apparently  primary  manifes- 
tation of  the  disease.  According  to  Eyre,  it  does  not  usually  implicate 
the  cornea  until  late  in  the  course  of  the  disease,  and  the  iris  still  later. 
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Involvement  of  the  iris,  as  well  as  other  tubercular  diseases  of  the  eyes, 
is  more  common  in  children  than  in  adults. 

In  cases  of  general  tuberculosis  the  uveal  tract  and  the  choroid 
especially  is  sometimes  involved,  the  ophthalmoscope  i evealing  } el- 
lowish-white  spots,  often  appearing  to  be  not  more  than  one  or  two 
millimetres  in  diameter,  and  difficult  to  detect.  Large  tubercular 
tumors  resembling  sarcomata  are  seen  also  at  times.  Choroidal 
tubercles  visible  with  the  ophthalmoscope,  if  seen  at  all,  so  often 
appear  in  the  late  stages  of  the  disease  that  they  are  of  only  slight 

diagnostic  value.  . . , 

The  development  of  tubercles  within  the  eye  is  often  associated 
with  reduced  intra-ocular  tension,  but  in  a few  instances  increased 
tension  has  been  noted,  and  Lubowski  has  reported  one  case  of 
absolute  glaucoma. 


DISEASES  OF  THE  SKIN. 

The  conjunctiva  and  superficial  layers  of  the  cornea  being  ^ con- 
tinuous with  and  anatomically  and  embryologically  closely  related 
to  the  skin,  it  is  only  natural  to  infer  that  many  of  the  diseases  of 
the  latter  should  present  themselves  in  a modified  form  in  these 
portions  of  the  eye  and  often  lead  to  complications  m the  deeper 
structures.  This  inference  is  found  to  be  correct,  especially  in  the 
case  of  such  diseases  as  eczema  and  herpes;  while  diseases  such  as 
lupus  and  epithelioma  frequently  extend  from  the  lids  into  the  eye; 
and  the  parasitic  and  other  cutaneous  affections  assume  a shghtly 
modified  form  in  the  lids,  owing  to  the  fact  that  the  skin  here  infers 
in  some  respects  from  other  portions  of  the  integument. 

Eczema,  which  assumes  such  a variety  of  forms  in  vmo^o  portions 
of  the  cutaneous  surface,  frequently  affects  the  eyeo ; and  here,  as 
elsewhere,  it  presents  itself  in  forms  that  differ  so  widely  as  to  be 
somewhat  confusing  to  one  of  limited  clinical  experience.  It  may 
affect  the  lids,  conjunctiva,  or  cornea,  and  while  of  very  frequent 
occurrence  in  childhood,  is  more  rare  in  patients  of  advanced  years, 
although  in  those  subject  to  gout  and  rheumatism  it  is  sometimes 
associated  with  conjunctivitis,  and  oroves  most  obstinate  and  dis- 
tressing. In  adults  it  is  apt  to  presen.  itself  on  the  surface  of  the  lid 
in  the  form  of  eczema  squamosum,  but  it  is  among  children  that  we 
meet  with  large  numbers  of  cases  of  this  disease,  and  here,  while  the 
surface  of  the  lids  often  is  affected,  it  is  the  conjunctiva  and  cornea 

which  deserve  most  caret  u l study.  . . , , 

Owing  probably  to  the  ease  with  which  the  conjunctival  a,nd  cor- 
neal epithelium  is  Woken,  we  seldom  meet  with  true  vesicles  but 
points  of  infiltration  assuming  the  form  of  pinkish-yellow  elevations 
in  the  bulbar  conjunctiva,  and  grayish  or  grayish-ye l ow  infiltrations 
in  the  cornes . are  very  common.  These  are  generally  spoken  of  as 
phlyctenu'se,  and  often  are  found  in  association  with  eczematous 
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disease  of  the  mucous  membrane  of  the  nose,  and  especially  in  tubercu- 
lous or  “ scrofulous"  children  with  eczematous  eruptions  about  the 
nose  and  mouth,  and  adenoids,  hypertrophied  tonsils,  and  enlarged 
postcervical  glands. 

Herpes  zoster  of  the  integument  of  the  lids  may  occur  under  con- 
ditions favoring  its  development  elsewhere  on  the  face,  especially 
when  vesicles  are  found  on  the  side  of  the  nose,  and  herpes  of  the 
cornea  is  not  very  uncommon.  The  latter  assumes  the  form  of 
herpes  zoster  ophthalmicus,  sometimes  corresponding  to  what  is 
termed  neuroparalytic  keratitis,  and  by  secondary  infection  may  lead 
to  extensive  and  dangerous  ulceration.  The  neuralgic  and  burning 
pain  induced  by  herpes  zoster  may  precede  and  continue  for  a long 
time  after  the  eruption  has  disappeared. 

Herpes  vulgaris  or  febrilis,  which  is  a more  common  disease  of  the 
cornea  than  herpes  zoster,  is  often  found  in  association  with  catarrhal 
diseases  of  the  digestive  or  respiratory  tract,  and  is  characterized 
by  the  formation  of  one  or  more  small  vesicles  which  often  are  broken 
before  their  character  is  recognized.  The  surface  of  these  ulcers 
may  be  anaesthetic,  but  not  the  surrounding  portions  of  the  cornea, 
and  while  they  often  pursue  a sluggish  course,  infection  from  the  con- 
junctival sac  frequently  occurs,  and  may  lead  to  the  development  of  a 
destructive  serpiginous  ulcer.  What  is  termed  keratitis  dendritica  or 
keratitis  ramiformis,  is  by  some  authorities  classified  as  a variety  of 
herpes  corneae,  although  it  is  more  probable  that  it  is  dependent  for 
its  characteristic  form  upon  a special  micro-organism. 

Seborrhcea,  which  is  characterized  by  the  development  of  acne  in 
other  portions  of  the  face,  when  it  involves  the  sebaceous  glands  of 
the  borders  of  the  lids  produces  hordeolum  or  stye  The  large  size  of 
the  glands  in  this  region,  the  nature  of  the  surrounding  tissues,  and 
the  ease  with  which  infection  may  take  place,  account  for  the  differ- 
ence between  hordeolum  and  acne  as  it  appears  in  other  portions  of 
the  integument. 

Favus,  lichen  ruber,  acne  rosacea,  milium,  and  erythema  multi- 
forme, all  may  appear  on  the  skin  o*  che  lids,  but  they  present  few 
characteristics  differing  from  those  seen  when  they  are  found  in  other 
portions  of  the  face. 

Furuncle  is  occasional!^  seen  in  the  upper  lid,  causing  marked 
tumefaction  and  redness. 

Molluscum  contagicsum  may  appear  on  the  lids,  and  Mittendorf 
has  observed  two  epidemics  occurring  in  a hospital. 

Elephantiasis  arabum  is  sometimes  confined  to  the  lids,  though 
generally  appearing  with  a similar  condition  in  other  parts  of  the  body. 

Pemphigus  ct  the  conjunctiva  is  occasionally  observed,  and 
ichthyosis,  m addition  to  causing  shortening  of  the  lids,  may  extend 
to  the  conjunctiva  and  eyeball. 

Phtluriasis  of  the  edges  of  the  lids  may  sometimes  be  recognized 
by  the  presence  of  nits  upon  the  eyelashes,  and  sycosis  and  other 
pa  rasitic  affections  are  occasionally  found  in  this  region. 
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Purpura  may  provoke  small  hemorrhages  in  the  skin  of  the  lid  and 
under  the  conjunctiva  and  into  the  retina,  as  well  as  in  other  portions 
of  the  body. 

Impetigo  and  psoriasis  sometimes  invade  the  skin  of  the  lids,  the 
conjunctiva  and  conjunctival  portions  of  the  cornea. 

Urticaria  is  found  occasionally  on  the  lids,  and  iritis  and  paralysis 
of  accommodation  may  be  present  as  a result  of  the  toxic  element 
causing  the  skin  eruption. 

Alopecia  of  the  brows  and  lashes,  often  complete,  may  be  found 
either  with  or  without  manifestations  elsewhere. 

Lupus  as  a local  manifestation  of  tuberculosis  is  more  properly 
treated  under  the  head  of  infectious  diseases,  where  erysipelas  is  also 
considered. 

Pellagra,  due  to  ingestion  of  a fungus  of  maize  by  poorly  nourished 
individuals,  according  to  Rampoldi,  produces  torpor  of  the  retina, 
retinitis  pigmentosa,  atrophy  of  the  optic  nerve,  disappearance  of  the 
choroidal  pigment,  marantic  ulcers  and  necrosis  of  the  cornea,  and 
opacities  of  the  lens  and  vitreous. 


DISEASES  OF  THE  BRAIN  AND  SPINAL  CORD. 

Cerebral  Hyperaemia  and  Anaemia.  With  the  exception  of  cer- 
tain conditions  accompanied  by  prolonged  venous  hyperaemia  or 
congestion  of  the  brain,  as  is  sometimes  seen  in  epilepsy  of  Ion; 
standing,  we  look  in  vain  to  the  ophthalmoscope  for  information  as 
to  the  condition  of  the  cerebral  circulation,  although  it  is  uf  the 
utmost  value  in  studying  diseases  of  the  bloodvessels,  as  .n  such 
conditions  as  arterio-capillary  sclerosis,  etc.,  pronounced  hyper- 
aemia or  anaemia  of  the  brain  may  coexist  with  a normal  fundus, 
and  the  existence  of  hyperaemia  of  the  retina  may  not  be  accepted 
as  proof  that  a corresponding  condition  will  be  found  in  the 
brain.  Those  unfamiliar  with  the  physiological  variations  in  the 
appearance  of  the  normal  fundus  not  infrequently  fall  into  serious 
error  in  the  inferences  they  draw  as  to  the  condition  of  the  cerebral 
circulation.  Indeed,  the  author  has  knowi.  high  authorities  on  dis- 
eases of  the  nervous  system,  but  with  limited  experience  in  the  use 
of  the  ophthalmoscope,  to  be  entirely  misled,  and  to  base  a most  grave 
prognosis  upon  the  apparent  congestion  of  the  retinal  vessels  familiar 
to  every  experienced  ophthalmologist  as  one  of  the  characteristics 
of  high  degrees  of  hypermetropia. 

While,  if  taken  alone,  hyyeramiia  or  anajmia  of  the  retina  is  not 
to  be  relied  upon  as  evidence  of  a similar  condition  of  the  brain,  if 
found  associated  with  ether  symptoms,  it  may  be  of  considerable 

Amemia  of  the  brain  is  often  accompanied  by  inactivity  of  the 
pupillary  reflex  with  dilatation,  while  contraction  of  the  pupils  is 
characteristic  of  cerebral  congestion. 


Cerebral  Hemorrhage.  In  estimating  the  relative  importance  and 
significance  of  the  various  ocular  manifestations  of  cerebral  hemor- 
rhage or  apoplexy,  the  complex  nature  of  the  conditions  with  which 
we  are  dealing  should  constantly  be  kept  in  mind.  The  location  of 
the  hemorrhage,  the  extent  of  the  extravasation,  the  suddenness  with 
which  it  makes  its  appearance,  and  the  time  that  has  elapsed  since 
its  occurrence  should  all  be  taken  into  account,  and  we  must  remember 
that  some  of  the  eye  symptoms  may  be  due  to  absolute  destruc- 
tion of  certain  portions  of  the  brain  tissue,  while  others  are  the  result 
of  paralysis  due  to  temporary  pressure  in  a zone  surrounding  the 
clot,  and  others  again  are  to  be  attributed  to  the  irritation  which 
occurs  in  a zone  still  farther  removed  from  the  seat  of  actual  hemor- 
rhage. 

A sudden  and  overwhelming  hemorrhage  may  at  first  abolish  the 
function  of  both  hemispheres,  whereas  the  later  developments,  if 
death  does  not  ensue,  will  show  on  which  side  the  lesion  is  to  be 
found,  and  for  a short  time  we  may  have  homonymous  hemianopsia 
in  the  visual  field  on  the  side  opposite  the  hemorrhage.  Conjugate 
deviation  of  the  head  and  eyes  toward  the  side  of  the  lesion  is  also 
of  frequent  occurrence.  This  is  attributed  by  Knies  to  irritation 
occurring  in  the  opposite  hemisphere. 

Hemorrhage  into  the  visual  cortex  may  in  some  instances  cause 
very  few  of  the  symptoms  usually  associated  with  apoplexy.  There 
may  be  only  temporary  vertigo  with  a sudden  attack  of  homony- 
mous hemianopsia.  If  the  hemianopsia  is  permanent,  we  may  infer 
that  the  hemorrhage  has  been  of  such  a character  as  to  destroy  the 
entire  visual  centre. 

Should  the  hemorrhage  be  not  too  extensive,  a fairly  accurate 
diagnosis  may  sometimes  be  made  at  the  beguiling  of  an  attack, 
before  the  more  or  less  confusing  secondary  and  remote  symptoms 
have  developed,  or  after  these  symptoms  have  run  their  course;  but 
during  their  presence  it  is  difficult  accuiately  to  differentiate  them 
from  the  symptoms  which  are  the  essential  and  permanent  results 
of  the  lesion. 

Hemorrhage  into  the  subarachnoid  or  subdural  space  is  apt  to 
produce  symptoms  which  resemble  those  of  meningitis.  Mydriasis, 
occasionally  as  the  result  of  ir  station  of  the  sympathetic,  but  gener- 
ally due  to  pressure  upon  and  paralysis  of  the  motor  oculi,  is  not  infre- 
quently seen.  Myosis  is  of  rare  occurrence;  it  results  from  hemor- 
rhage into  the  ventricles,  and  in  some  instances,  probably  from 
irritation  produced  ^y  hemorrhage,  causing  pressure  upon  the  nuclei 
of  the  ocular  muscles.  If  a hemorrhage  is  of  such  extent  as  to  destroy 
the  primary  optic  ganglia,  the  chiasm,  or  optic  tracts,  we  may  have 
partial  or  complete  atrophy  of  the  optic  nerves. 

Optic  neuritis,  choked  disk,  and  partial  or  complete  atrophy  of 
the  optic  nerves  are  seen  occasionally  in  cerebral  hemorrhage;  but 
evidence  supplied  by  the  ophthalmoscope  is  of  far  less  value  in  this 
disease  than  in  the  case  of  tumors  or  meningitis. 
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It  should  be  remembered  that  diseases  such  as  albuminuria,  dia- 
betes,  atheroma  of  the  bloodvessels,  etc.,  which  may  predispose  to 
cerebral  hemorrhage  often  produce  hemorrhages  and  other  character- 
istic lesions  of  the  retina  and  optic  nerve,  independently  of  those 
which  may  result  from  extravasations  into  the  tissues  oi  the  brain, 
and  in  old  people  the  condition  of  the  bloodvessels  which  favors 
extravasation  into  the  brain  is  indicated  not  infrequently  by  recurring 
attacks  of  conjunctival  hemorrhage. 

Embolism  and  Thrombosis  of  the  Cerebral  Vessels.  A cerebral 
embolism,  if  not  infectious,  leads  to  degeneration  or  softening  and 
necrosis  of  the  brain  tissue  supplied  by  the  vessel  whose  course  it 
obstructs,  and  a non-infectious  thrombosis  or  a circumscribed  hemor- 
rhage will  produce  similar  effects,  though  the  clear-cut  ami  well- 
defined  lesion  produced  by  an  embolus  often  renders  it  possible  to 
determine  quite  accurately  its  location  by  the  resulting  focal  symp- 
toms; and  if  it  is  situated  in  the  visual  cortex,  in  the  occipital  lobe, 
in  the  primary  optic  ganglia,  or  in  the  course  of  the  optic  tracts,  in 
the  cortical  centres  or  primary  ganglia  of  the  motor  nerves  of  the 
eye,  the  characteristic  paralytic  symptoms  will  develop  promptly 
after  a brief  period  of  reaction.  Symmetrical,  bilateral  softening  o 
the  optic  centres  has  been  reported  in  a number  of  instances,  and 
Wilbrand  mentions  one  case  in  which  double  choked  disk  occuned 

(^Arf  infectious  embolus  or  thrombosis  leads  to  the  formation  of  a 
cerebral  abscess  with  its  characteristic  symptoms,  while  an  infectious 
thrombosis  of  the  cavernous  sinus  may,  in  addition  to  the  other 
symptoms  of  an  abscess  at  the  base  of  the  brain,  result  in  orbital 
suppuration  with  its  long  tram  of  disastrous  effects.  The  p>eU 
protruded  and  fixed  by  infiltration  of  the  orbital  tissues,  the  conjunc- 
tiva becomes  chemotic,  the  lids  swollen,  and  therefolk.wsbhndness 
with  a widely  dilated  and  immovable  pupil.  If  ht  thrombotic 
process  includes  the  ophthalmic  vein,  the  ophtha  moscope  reveals 
distended  retinal  veins,  with  injection  of  the  nerve  head  and  retinal 
hemorrhages.  Later,  as  the  infectious  process  'jxten'ls’^.iave 
opacity  and  ulceration  of  the  cornea,  and  finally  panophthaimitis. 

In  the  early  stages  of  the  infectious  process,  and  during  the  progress 
of  a non-infective  or  marantic  thrombosis  of  the  cavernous  sinus, 
the  ophthalmoscope  renders  most  valuable  assistance,  especially  in 
distinguishing  the  latter  condition  from  meningitis.  In  both  menin- 
gitis and  non-infectious  thrombosis  of  the  cavernous  smus  there  may 
be  paralysis  of  the  motor  nerves,  insensibility  of  the  trigeminus  with 
its  consequences  in  conjunctival  and  corneal  anaesthesia,  par  1a 
complete  paralysis  of  the  optic  nerve,  and  more  or  less  oedema  of  th 
lids,  and  protrusion  of  the  eyeball  from  involvement  of  the  orbit 
In  meningitis  wo  may  have  congestion  and  even  pronounced  optic 
neuritis;  “but  the  marked  stasis  of  the  retinal  veins  which  is  found 
in  thrombosis  of  the  sinus  with  thrombosis  of  the  ophthalmic  vein 
is  never  observed”  (Knies). 
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Abscess  of  the  Brain.  The  ocular  symptoms  produced  by  abscess 
of  the  brain  may  be  the  same  as  those  about  to  be  enumerated  as 
resulting  from  tumor;  but,  in  addition,  there  is  the  general  evidence 
of  an  infective  process  acting  as  a cause;  and  it  should  be  borne  in 
mind  that  some  of  the  ocular  manifestations,  such  as  septic  choroid- 
itis, embolism,  and  thrombosis,  may  result  directly  from  this  infective 
process  rather  than  from  the  coincident  cerebral  abscess. 

As  in  tumor,  we  may  find  diffuse  and  local  effects  manifested  in 
choked  disk  and  obstructive  neuritis,  which  latter  is- apt  to  be  bilat- 
eral, and  is  the  most  characteristic  ophthalmoscopic  manifestation. 
There  may  be  paralysis  of  the  motor  and  sensory  nerves,  preceded 
by  spastic  contractions  of  muscles  and  other  evidences  of  the  existence 
of  a zone  of  irritation  near  the  abscess.  As  the  abscess  may  be  prac- 
tically stationary  or  rapidly  progressive,  the  various  ocular  manifes- 
tations may  be  of  prolonged  duration  or  follow  one  another  in  quick 
succession,  and  in  the  event  of  a rupture  we  may  have  a fatal  ter- 
mination preceded  by  the  ocular  and  general  evidences  of  purulent 
meningitis,  with  paralysis  of  the  fifth  nerve,  neuroparalytic  keratitis, 
etc.  Perforation  into  the  ventricles  may  be  attended  by  marked 
myosis,  which  is  attributed  by  Knies  to  direct  irritation  of  the 
sphincter  nuclei. 

The  prognosis  after  operation,  so  far  as  the  eye  is  concerned, 
depends  upon  the  location  and  extent  of  the  damage  to  the  brain 
tissue.  The  irritative  symptoms  may  subside,  as  may  thb  optic 
neuritis,  and  to  some  extent  vision  may  be  restored;  but  !i  the  visual 
cortex  has  been  seriously  involved,  we  are  apt  to  lia^v  c not  only  im- 
paired vision  and  limitation  of  the  visual  fields,  but  also  defective 
color  sense  (Knies). 

Tumors  of  the  Brain.  Almost  all  forms  of  neoplasm  are  found  in 
the  cranial  cavity,  although  some,  such  as  lipoma,  which  are  common 
in  other  localities,  very  rarely  appear  in  the  brain.  Tubercular 
tumors  are  more  common  in  the  brain  than  elsewhere,  and  sarcomata 
and  syphilitic  tumors  are  of  frequent  occurrence,  the  latter  being 
often  associated  with  gummatous  meningitis.  Glioma  is  almost  ex- 
clusively a cerebral  tumor,  being  found  in  the  brain  and  spinal  cord, 
and  in  no  other  part  of  the  body,  excepting  the  retina,  from  which 
it  often  extends  to  the  b^ain. 

The  symptoms  produced  i .i  the  eye,  as  in  other  parts  of  the  periph- 
eral nervous  system,  differ  greatly  in  accordance  with  the  size,  period 
of  growth,  and  location  of  the  tumor;  and  it  sometimes  happens  that 
a growth  which  later  causes  irritation,  and  finally  destruction  of  the 
parts  with  which  it  lies  in  contact,  may  in  the  earlier  stages  of  its 
development  produce  only  general  symptoms  of  diffuse  intracranial 
pressure.  Tumors  of  the  anterior  and  middle  fossa  may  invade  the 
orbit  and  cause  exophthalmos. 

Choked  disk  or  optic  neuritis,  usually  double,  and  attacks  of  tem- 
porary total  loss  of  sight  due  to  general  intracranial  pressure,  indicate 
the  presence  of  a tumor  of  the  brain,  although  other  evidence  is  neces- 
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sary  to  enable  us  to  form  an  opinion  as  to  its  location  The  size  of 
a tumor  seems  to  have  little  influence,  and  the  choked  disk  or  optic 
neuritis  which  appears  is  not  merely  the  result  of  mechanical  pressure. 

In  addition  to  the  general  symptoms  of  cerebral  compression  accom- 
panying brain  tumor,  such  as  headache,  hebetude,  drowsiness,  vomit- 
ing, a slow  pulse,  and  dilatation  of  the  pupils,  there  is  sometimes 
evidence  of  pressure  on  parts  far  removed  from  the  seat  of  the  growth, 
which  is  apt  to  be  very  misleading  in  our  attempts  at  localization 
Owing  to  its  long  course,  the  sixth  nerve  is  especially  apt  to  be  affected 
by  such  indirect  pressure,  producing  paralysis  of  the  external  rectus. 

If  the  tumor  is  of  such  a nature  as  to  provoke  irritation  as  well 
as  pressure,  we  may  have  conjugate  deviation  of  the  eyes  and  head, 
concentric  narrowing  of  the  visual  fields,  and  paroxysmal  attacks  ot 

bilateral  blindness.  „ , , , f 

While  choked  disk  is  not  always  one  of  the  early  symptoms  ot 
brain  tumor,  it  is  one  of  the  most  important,  appearing  at  some 
stage  in  about  80  per  cent,  of  the  cases;  and  if  this  symptom  is  not 
found  in  some  stage,  the  other  evidence  on  which  the  diagnosis  ot 
cerebral  neoplasm  is  based  should  be  very  convincing.  It  is  said  to 
be  more  frequent  in  tumors  of  the  cerebellum  than  in  those  of  the 
frontal  lobes,  and  may  be  produced  by  a tumor  in  any  part  ot  the 
brain,  although,  if  the  neoplasm  is  in  the  membranes  on  the  convexity 
and  merely  compresses  the  brain,  it  is  less  apt  to  produce  choked 
disk  or  optic  neuritis  than  when  it  invades  the  cerebral  tissues 
(Gowers).  Choked  disk  is  sometimes  found  even  in  tumor  of  the  spinal 
cord  Some  eminent  writers  on  nervous  diseases  ignore  the  distrac- 
tion between  choked  disk  and  obstructive  neuritis,  but  it  is,  nevei  un- 
less, an  important  one,  for,  while  undoubtedly  some  degree  o,  neuritis 
finally  develops  in  almost  every  case  of  choked  disk,  there  often 
exists  in  the  early  stages  a true  oedema  of  the  nerve  head  in  which 
the  tissues  are  quite  translucent  and  do  not  present  the  appearance 
of  vascularity  and  inflammation  seen  in  optic  neurit  s.  This  oedema 
is  not  necessarily  accompanied  by  marked  nr  pen  ment  of  vision. 
Choked  disk  with  tumor  of  the  brain  is  usually,  although  not  always, 
bilateral,  and  it  does  not  necessarily  indicate  that  the  growth  is  large 
or  is  located  near  those  parts  of  the  brain  which  are  especially  con- 
cerned with  vision.  Indeed,  while  rapidly  growing  and  large  tumors 
are  apt  to  produce  it,  small  growth0  by  causing,  as  they  often  do, 
dropsy  of  the  ventricles,  are  accompanied  not  infrequently  by  marked 

oedema  of  the  nerve  head.  . . . , , ,, 

Choked  disk  and  optic  neuritis,  if  maintained  for  a sufficient  length 
of  time,  will  almost  inevitrb,>  lead  to  contraction  of  the  visual  he  d, 
with  extension  of  the  olind  spot,  and  sometimes  central  scotoma, 
followed  by  atrophy  of  ihe  optic  nerve  and  blindness.  Exceptions 
to  this  are  found  in  those  rare  cases  m which  a cure  is  effected  by 
operative  or  other  measures,  and  especially  in  neoplasms  of  syphilitic 
origin,  when  in  the  proper  stage  active  treatment  with  mercuna  s 
and  iodides  succeeds  in  bringing  about  absorption. 
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In  a number  of  instances1  where  operative  interference  has  been 
unsuccessful  so  far  as  removal  of  the  tumor  was  concerned,  marked 
freedom  from  pain  and  restoration  of  vision  have  followed  the  relief 
from  pressure  on  the  cerebral  tissue. 

While  choked  disk  is  one  of  the  most  positive  indications  of  the 
presence  of  an  intracranial  growth,  it  should  be  borne  in  mind  that 
it  is  simply  an  oedema  of  the  nerve  head  accompanied  by  distention 
of  the  sheath  of  the  nerve,  and  that  there  are  other  conditions  as 
well  as  tumor  which  may  produce  it  occasionally.  Among  these  may 
be  mentioned  abscess  of  the  brain  and  cerebral  hemorrhage.  It  has 
also  been  seen  after  profuse  hemorrhage  in  other  portions  of  the  body 
and  in  cases  of  leukaemia,  albuminuria,  and  diabetes;  but  there  is 
usually  other  evidence  to  aid  in  establishing  the  diagnosis. 

Tumors  of  the  brain  in  a certain  proportion  of  cases  cause  optic 
neuritis,  followed  by  atrophy  without  choked  disk.  “Oppenheim 
observed  typical  choked  disk  fourteen  times,  neuritis  five  times,  and 
hyperaemia  of  the  papilla  once  ” (Knies).  And  we  may  in  some  cases 
have  atrophy  of  the  nerve  without  either  choked  disk  or  neuritis. 

Taken  with  other  evidence,  choked  disk,  obstructive  neuritis,  simple 
optic  neuritis,  and  progressive  atrophy  of  the  optic  nerve  are  of  great 
value  in  determining  the  character  of  a brain  lesion ; but  alone  they 
should  not  be  considered  as  a sufficient  basis  on  which  to  make  a 
positive  diagnosis. 

Aneurism,  by  pressure  and  irritation,  produces  effects  upon  the  eyes 
similar  to  those  resulting  from  other  tumors,  and  in  very  rare  and 
exceptional  instances  a tumor  may  be  so  situated  is  Io  produce  a 
group  of  focal  eye  symptoms  almost  as  clearly  defined  as  those  some- 
times observed  in  cases  of  embolism  and  softening.  These  symptoms 
may  present  themselves  in  the  form  of  cortical  3lindness  or  hemian- 
opsia, mind  blindness,  alexia,  visual  aphasia,  dyslexia,  amnesic  color 
blindness,  and  visual  hallucinations,  or  cortical  disturbance  of  the 
ocular  movements,  such  as  conjugate  deviation  of  the  eyes,  often 
accompanied  by  deviation  of  the  head  in  the  same  direction.  If  the 
tumor  happens  to  press  upon  the  giay  matter  around  the  aqueduct 
of  Sylvius  or  in  the  floor  of  +h  ‘ fourth  ventricle,  it  produces  nuclear 
ocular  palsy  or  ophthalmoplegia— external  if  affecting  the  orbital 
muscles,  as  the  recti  and  oblique  muscles;  or  internal  if  affecting  the 
iris  and  ciliary  muscle.  If  the  tumor  lies  in  such  a position  as  to 
affect  the  efferent  fibres  of  the  ocular  nerves  in  the  crus  cerebri  or 
pons,  between  the  nuclei  and  their  point  of  emergence  at  the  base  of 
the  brain,  we  have  what  is  termed  fascicular  paralysis  of  the  third, 
fifth,  sixth,  oi  seventh  nerve,  which  is  sometimes  spoken  of  as  crossed 
or  alternate  paralysis.  And  when  situated  at  the  base,  in  addition 
to  its  effect  upon  the  optic  tract,  a tumor  may  cause  paralysis  of  any 
or  all  o the  nerves  supplying  the  external  and  internal  ocular  muscles, 
as  well  as  the  fifth  nerve. 


1 Swanzy,  in  Norris  and  Oliver’s  System  of  Diseases  of  the  Eye,  vol.  iv.  p.  545. 


THE  EYE  IN  ITS  RELATION  TO  GENERAL  DISEASES.  637 


If  found  in  the  corpora  quadrigemina,  a tumor  may  produce  oculo- 
motor paralysis,  a reeling  gait,  with  possibly  blindness  and  deafness 
The  differential  diagnosis  between  tumor  and  abscess  of  the  biain 
is  not  always  easily  made.  They  may  have  in  common  headache 
vomiting,  choked  disk,  or  optic  neuritis  (generally  double)  and 
mental  disturbance;  while  tumor  is  apt  to  cause  in  addition  the  well 
marked  focal  symptoms  enumerated  above,  with,  at  times,  hemiplegia. 
Fever  and  rigor  favor  abscess.  The  cause  of  abscess  is  often  veiy 
clear  being  frequently  traceable  to  a focus  of  suppuration,  such  as 
purulent  otitis  media,  while  that  of  tumor  is  obscure. 

Meningitis  in  its  various  forms  gives  rise  to  a variety  of  ocul 
lesions  of  the  most  serious  character.  In  general  they  are  the  dnec 
result  of  the  action  of  the  exudate  upon  the  visual  centres,  gang  , 
or  optic  tracts,  and  upon  the  points  of  origin  or  trunks  of  the  motor 
and  sensory  nerves;  or  they  may  be  due  to  secondary  infection  of  the 
eye  from  the  septic  material  which  is  characteristic  of  the  “^“geal 
inflammation  If  the  process  is  extensive,  we  may  find  the  eye 
congested,  hypenesthetic,  and  sensitive  to  light  in  the  early  stages; 
and*  soon  symptoms  will  develop  which  indicate  whether  the  inflam- 
matory process  affects  the  convexity  of  the  brain  or  the  base..  If  the 
former  we  may  have  in  the  early  stages  an  homonymous  hemianopsia 
with  the  pupillary  reaction  to  light  preserved,  or  both  cortical  centres 
mav  be  involved,  affecting  both  halves  of  the  retina  of  each  eye.  . 

In  acute  cases  the  inflammatory  process  usually  extends  rapidly, 
so  that  conjugate  deviation  and  other  symptoms  pointing  to  a cor- 
tical lesion  Ire  transitory  in  character ; and  as  in  a large  ! P™P^on  m 
cases  of  meningitis  there  is  an  exudate  at  the  base  of  the  brain  1 1 
Sar  manifestations  are  apt  to  be  peripheral  and  the  result  of 
either  irritation  or  paralysis  of  the  nerve  t™nks  which  are  e bfcdded 
in  the  exudate  and  reach  the  eye  through  the  apex  of  the  orbit.  . 

The  abducens  is  attacked  most  frequently,  the  motci  oeuli  rarely 
and  the  presence  of  hyperesthesia,  paresthesia,  and  anesthesia  in 
£ cutaneous  surface  of  the  face,  with  neuroparalytic  keratitis, 

indicates  involvement  of  the  trigeminus.  . f . , 

\m0112  the  symptoms  of  irritation  we  may  have  contraction  ot 
ocular  musclesf  producing  various  forms  ol  strabismus,  and  rarely 

,,yS)S  of  the  facial  nerve  leading  to  lagophMm^  wldch jnay 
be  accompanied  by  deafness  from  involvement  of  the  auditory  nerve 
t oToUhe  possible  results  when  .he  exudate  is 
fossa.  In  basilar  meningitis  vision  may  be  affected  ^oljem 
„<•  tue  tractus  bv  optic  neuritis,  extension  to  the  orbits,  generally 
-loim  the  vein’s,  producing  chemosis,  and  perhaps  later  orbital  cellu- 
litis'fixation  and  protrusion  of  the  eyeballs,  etc.,  or  by  the  productio 
of1Sfi  seroplastic  H-  purulent  choroiditis  sometimes,  though  rarely, 

IroTucCSfpresents  itself  in  some  stage  of  the 
majority  of  cases  of  cerebral  meningitis,  and  although,  unfortunate  y, 
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it  sometimes  happens  that  it  cannot  be  detected  sufficiently  early  to 
be  the  means  of  establishing  the  diagnosis,  in  many  instances  it  is  of 
the  utmost  value.  When  fully  developed,  it  is  generally  bilateral. 

Doubt  as  to  the  differential  diagnosis  between  typhoid  fever  or 
pneumonia  on  the  one  hand,  and  meningitis  on  the  other,  may  some- 
times be  decided  by  means  of  the  ophthalmoscope. 

Optic  neuritis,  as  seen  with  the  ophthalmoscope,  may  vary  in 
degree  from  simple  hypersemia  to  a decided  papillitis,  although  great 
swelling  of  the  disk  is  not  often  seen,  as  in  cerebral  tumor  and  some 
cases  of  abscess.  There  is  usually  an  absence  of  pronounced  exudation 
and  hemorrhage ; but  a certain  cloudiness  of  the  tissues  of  the  nerve 
head,  with  blurring  and  indistinctness  of  its  outlines,  is  in  keeping  with 
the  fact  that  the  microscope  reveals  infiltration  of  the  pial  sheath 
and  connective  tissue,  especially  toward  the  periphery  (Knies). 

A dense,  chalky-white  disk  with  sharp  outlines  and  marked  nar- 
rowing of  the  bloodvessels,  is  seen  in  the  atrophic  stage,  with  often 
complete  blindness,  though  in  some  cases  the  amount  of  vision  re- 
maining seems  entirely  out  of  proportion  to  the  evidences  of  atrophy 
as  seen  with  the  ophthalmoscope.  When  some  vision  remains,  how- 
ever, we  are  apt  to  have  irregular  narrowing  of  the  visual  fields, 
scotomata,  and  defective  color  sense. 

A septic  (“metastatic”)  exudative  choroiditis  sometimes  develops 
in  the  early  stages  of  simple  meningitis,  especially  in  young  children, 
although  it  may  also  appear  at  a late  period  and  in  othe  r forms  of 
the  disease;  or  it  may  be  discovered  after  the  active  symptoms  have 
subsided.  It  is  generally  unilateral,  although  both  tyes  may  be 
affected;  and  it  is  said  to  be  of  embolic  origin,  sometimes  being 
found  in  cases  of  ulcerative  endocarditis,  in  puerperal  fever,  recurrent 
fever,  typhoid  fever,  scarlatina,  mumps,  erysipelas,  etc.  (Noyes). 

This  condition  of  the  eye  not  infrequently  escapes  the  attention  of 
the  attending  physician  during  the  act,ve  period  of  the  disease  to 
which  it  owes  its  origin,  but  usually  presents  well-marked  and  easily 
discoverable  local  symptoms  of  a low  grade  of  irido-cyclo-choroiditis, 
sometimes  accompanied  by  marked  ciliary  injection,  iritic  exudation 
and  adhesions,  parenchymatous  Keratitis,  and  even  hypopyon.  If 
the  above  symptoms  of  iritis  and  keratitis  are  absent,  the  ophthalmo- 
scope, or  sometimes  oblique  illumination,  will  reveal  the  purulent 
exudate  in  the  choroid  and  retina,  which  often  extends  so  far  forward 
in  the  vitreous  chamber  as  to  lie  in  contact  with  the  posterior  surface 
of  the  lens,  and,  especially  when  bloodvessels  develop  on  its  surface, 
it  closely  resembles  glioma  of  the  retina — pseudoglioma.  Such  eyes 
are  usually  soft  and  easily  irritated,  but  sometimes  retain  their  normal 
external  appearance,  although  often  in  later  years  they  undergo  degen- 
erative changes,  becoming  quadrate  under  the  pressure  of  the  recti 
musclec  and  developing  degenerative  keratitis  and  calcification  of  the 
crystalline  lens. 

Instances  have  been  recorded  in  which,  after  the  formation  of  a 
moderate  amount  of  exudate,  absorption  has  taken  place  and  vision 
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has  been  restored,  though  such  cases  must  be  extremely  rare.  W t 
may  also  have  in  meningitis,  as  in  certain  other  diseases  accompanies 
by  typhoid  symptoms,  mild  grades  of  cyclitis  and  choroiditis,  which 
sometimes  recover  without  leaving  serious  impairment  of  vision. 

Acute  tubercular  meningitis  is  in  about  15  per  cent,  of  the  cases 
accompanied  by  miliary  tubercles  in  the  choroid,  which  may  be  made 
out  with  the  ophthalmoscope  as  pale  yellowish  spots  which  are  some- 
what prominent  and  vary  in  size  from  0.5  mm.  to  2.5  mm.  lhe\ 
are  unaccompanied  by  pigmentation,  and  seem  to  be  more  common 
in  the  neighborhood  of  the  macula  lutea  and  disk.  More  are  often 

found  post-mortem.  , 

Paralyses  of  the  ocular  muscles  are  often  seen  in  tubercular  menin- 
gitis, as  it  is  prone  to  attack  the  base  of  the  brain,  and  optic  neuritis 
is  more  common  in  this  than  in  any  other  form,  especially  it  t le 
tubercular  exudate  at  any  point  appears  as  a tumor. 

Cerebro-spinal  meningitis  is  very  apt  at  some  stage  to  be  the  cause 
of  most  serious  involvement  of  the  eyes.  In  the  early  stages  we  may 
have  swelling  of  the  lids,  conjunctivitis  with  oedema,  and  photophobia 
with  contracted  or  dilated  pupils  which  are  often  unequal.  Keratitis 
is  not  uncommon,  and  iridochoroiditis  and  retinitis  with  optic  neu 
ritis,  or  paralysis  of  the  optic  nerve  without  apparent  neuritis,  are 
of  frequent  occurrence.  What  has  been  said  under  the  head  of  septic 
or  metastatic  choroiditis  as  occurring  in  meningitis  in  general,  applies 
especially  to  this  form  of  the  disease.  , ^ . 

Whether  or  not  the  pneumococci  reach  the  eye  through  the  lymph 
spaces  of  the  optic  nerve  has  not  as  yet  been  proved  (Axenfeld ) ; 
but  that,  in  some  instances,  they  reach  it  by  way  of  the  eircur  t'o  i 
through  general  systemic  embolic  poisoning  has  been  estab  lsnea. 
The  prognosis  as  to  life,  and  especially  as  to  sight,  is  most  g”ave. 
Pachymeningitis  produces  eye  symptoms  which  vary  with  its  loca- 
tion.  As  it  is  most  frequently  found  on  the  convexity  Oi  the  brain, 
the  eye  symptoms  are  apt  to  be  cortical  in  nature,  though  w icn 
associated  with  hemorrhage  the  more  diffuse  symptoms  usually  seen 

with  the  tumor  may  be  added.  „ , , 

A circumscribed  meningitis  presenting  few  of  the  other  symptoms 
found  with  more  general  inflammation  ot  the  membranes  may  be 
accompanied  in  the  early  stages  by  col  >r  j hantasms,  nyctalopia,  etc., 
and  at  a later  period  cause  impaired  vision,  scotomata,  limitation  ol 
the  visual  fields,  and  disturbance  of  on' or  sense.  The  ophthalmoscope 
may  at  first  reveal  neuritis,  which  is  followed  by  more  or  less  com- 
plete atrophy  of  the  optic  nerve  (Knies). 

Metastatic  purulent  menii'gitis  may  result  from  purulent  inflamma- 
tion of  the  eye,  especial’ y from  traumatic  panophthalmitis. 

A number  of  instances  have  been  recorded,  some  of  which  have 
occurred  after  enucleation,  and  this  has  been  used  as  an  argument 
against  enucleatim  in  panophthalmitis;  but  both  logic  and  expe- 


1 S wr.nzy,  in  Norris  and  Oliver’s  System  of  Diseases  of  the  Eye. 


rience  teach  us  that  the  case  must  be  an  unusual  one,  indeed,  in  which 
removal  of  such  a source  of  infection  will  not  increase  the  patient's 
chance  of  escaping  meningitis. 

Insanity.  While  the  insomnia  and  excitement  incident  to  many 
forms  of  insanity  may  lead  to  marked  injection  of  the  bulbar  con- 
junctiva, and  while  variations  in  the  pupil  may  be  noted,  and  atrophic 
and  degenerative  disease  of  the  nerve,  retina,  and  choroid  be  found 
as  the  result  of  a disease  which  is  a direct  or  indirect  cause  of  mental 
disorders,  it  cannot  properly  be  said  that  there  is  any  affection  of 
the  eye  which  can  be  directly  attributed  to  insanity. 

Hallucinations  of  sight  which  are  visual  perceptions  not  founded 
on  an  objective  reality,  and  visual  illusions  which  are  misinterpre- 
tations of  sensory  images,  when  they  cease  to  be  recognized  by  the 
subject  as  hallucinations  and  illusions,  are  among  the  more  common 
manifestations  of  insanity. 

Post-operative  delirium,  and  even  insanity  are  by  no  means  uncom- 
mon after  iridectomy  and  the  extraction  of  cataract;  and  when  we 
consider  the  prolonged  suspense,  the  state  of  mental  excitement  with 
physical  inactivity  incident  to  the  operation  and  after-treatment, 
and  the  fact  that  all  light  is  generally  excluded,  it  is  not  strange  that 
judgment  sometimes  ceases  to  hold  sway  over  the  hallucinations 
excited  by  such  an  ordeal.  It  is  a fact,  however,  that  such  mental 
disturbances  seldom  manifest  themselves  excepting  among  those 
predisposed  to  such  affections. 

It  sometimes  happens  after  operation  upon  the  eye  that  the  ten- 
dency to  delirium  is  greatly  increased  by  the  effect  of  atropine,  used 
to  prevent  the  formation  of  iritic  adhesions,  and  caution  in  its  admin- 
istration may  prevent  the  development  of  most  troublesome  symp- 
toms. 

General  Paralysis  of  the  Insane.  In  view  of  the  wide  distribution 
and  character  of  the  cerebral  lesions  in  paretic  dementia,  it  is  not 
strange  that  we  should  have  a variety  ct  tye  symptoms  which,  owing 
to  the  fact  that  they  often  make  their  appearance  at  an  early  period, 
are  of  the  greatest  diagnostic  and  prognostic  value. 

Trophic  and  vasomotor  disorders  occur  in  the  eye  as  elsewhere; 
but  it  is  to  the  cortical  visjtJ  disturbances,  mind  blindness,  and 
hemianopsia,  paroxysma1  or  rermanent,  and  to  atrophy  of  the  optic 
nerve,  and  especially  disbar  Dances  of  innervation  of  the  intrinsic  and 
extrinsic  ocular  muscles,  that  our  attention  will  be  directed. 

Paralysis  of  the  orbital  muscles,  cycloplegia,  and  pupillary  anom- 
alies, such  as  mydriasis,  myosis,  irregularity  of  shape,  inequality  in 
the  two  eyes,  and  disturbance  of  the  pupillary  reflex  often  appear 
in  the  prodromal  stage;  but,  as  a great  variety  of  cerebral  lesions 
due  to  widely  different  causes  may  produce  similar  symptoms,  the 
largest  experience  and  the  utmost  caution  and  judgment  are  often 
necessary  to  enable  the  observer  to  interpret  them  correctly.  Their 
value  should  carefully  be  estimated  when  taken  in  connection  with 
the  evidence  derived  from  other  sources. 
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Many  striking  cases  are  on  record  in  which  some  comparatively 
slight  pupillary  anomaly  has  served  as  the  warning  note  of  approach- 
ing insanity ; but  every  ophthalmologist  of  wide  experience  sees 
numerous  cases  of  pupillary  anomalies  and  unaccountable  paralysis 
of  the  extrinsic  ocular  muscles  which  are  never  followed  by  such 
dire  consequences;  and  while  these  symptoms  are  undoubtedly  of 
great  significance,  the  necessarily  complicated  nature  of  the  subject 
and  the  limitations  of  our  knowledge  of  the  brain  should  warn  us 
to  exercise  caution  in  our  attempts  to  interpret  them. 

Mind  blindness  when  present  in  dementia  is  generally,  though  not 
always,  found  in  the  later  stages.  Schweigger  reports  a most  remark- 
able case  treated  by  Wernicke  in  which,  “with  good  acuteness  of 
vision  and  without  any  absolute  defect  in  the  field,  there  were  dis- 
tributed over  a great  portion  of  the  field  a number  of  relative  scoto- 
mata, within  the  area  of  any  one  of  which,  although  objects  could 
be  seen  by  the  patient,  yet  he  could  not  tell  what  they  were. 

Mind  blindness  may  be  paroxysmal,  continuing  for  several  days 
and  then  disappearing.  Though  it  is  always  temporary,  it  is  apt  to 
be  followed  by  actual  blindness  as  the  disease  progresses.  Hallucina- 
tions of  sight,  in  some  cases  unilateral,  are  very  common,  and  some- 
times appear  as  early  symptoms. 

Atrophy  of  the  optic  nerve  may  occur  in  the  early  stages  or  even 
precede  mental  disturbance,  but  is  usually  a late  symptom.  It 
appears  merely  as  an  incident  in  the  course  of  the  organic  cerebral 
lesions,  of  which  the  general  paralysis  and  insanity  are  symptoms, 
and  is  not  of  very  frequent  occurrence,  being  found,  according  to 
Gudden,  in  about  4.9  per  cent,  of  a series  of  1386  cases. 

Hypersemia  of  the  papilla,  and  even  a slight  degree  of  optic  r.eu"icis, 
have  been  observed  in  a very  small  percentage  of  cases. 

Pupillary  anomalies  and  disturbances  of  the  ciliary  and  orbital 
muscles  are  the  most  significant  ocular  symptoms  in  general  paralysis 
of  the  insane.  The  pupils  are  usually  contracted  in  the  early  stages 
although  later  thev  are  often  more  or  less  dilated ; but  what  is  termed 
reflex  rigidity  of  the  pupils,  in  which  response  to  light  stimulus  may 
be  diminished  or  absent,  and  later  reaction  to  convergence  and  accom- 
modation may  fail,  or  in  which  the  pupils  are  equal,  or  one  or  both 
assume  an  irregular  shape,  is  one  of  the  most  valuab  e of  the  early 
symptoms.  Among  500  cases  Moeli  found  reflex  rigidity  present  in 
47  per  cent.,  doubtful  reaction  in  <•  per  cent.,  and  sluggish  reaction 
in  10  per  cent. ; and  among  205  patients  with  reflex  pupillary  rigidity 
Thomsen  found  83  per  cent,  ct  general  paresis  (Kmes).  It  should  be 
remembered,  however,  that ; i though  other  diseases  rarely  produce  this 
symptom,  absence  of  pupillary  reaction  to  light  and  reflex  rigidity 
of  the  pupil  are  among  the  more  common  ear  symptoms  ot  tabes 
dorsalis,  as  well  ac  ot  general  paralysis  of  the  insane. 

The  study  of  pur  illary  reactions  in  nervous  diseases  is  necessarily 

t swanzy,  in  Norris  and  Oliver’s  System  of  Diseases  of  the  Eye. 
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intricate  and  involved,  but  it  has  by  some  writers  been  rendered  still 
more  complicated  by  giving  minute  attention  to  unimportant  details. 

Paralysis  of  accommodation  is  of  far  less  frequent  occurrence  than 
pupillary  anomalies,  being  found  by  Moeli  in  about  1.5  per  cent,  of 
all  cases  (Knies). 

Although  not  so  common  a symptom  as  mydriasis,  nuclear  paralysis 
or  paralysis  of  the  orbital  muscles  is  occasionally  seen.  It  may  result 
in  loss  of  power  in  the  third,  fourth,  or  more  frequently  the  sixth 
nerve,  with  the  accompanying  diplopia  and  strabismus  or  ptosis. 
While  usually  temporary,  it  is  not  always  so,  and  is  prone  to  relapse. 
According  to  Schiitz,  Siemering,  and  Boediker,  the  above  oculomotor 
paralyses  are  “ caused  by  degenerative  changes  in  the  central  gray 
matter  of  the  aqueduct  of  Sylvius  and  fourth  ventricle.”1 

Ptosis,  twitching  of  the  eyelids,  and  transient  nystagmus  may  all 
be  found  in  a limited  number  of  cases,  and  among  other  motor  dis- 
turbances of  cortical  origin  we  not  infrequently  have  conjugate 
deviation  of  the  head  and  eyes. 

Several  writers  have  mentioned  ocular  migraine  or  scintillating 
scotoma  as  a not  infrequent  premonitory  symptom  of  paretic  demen- 
tia, but  this  is  of  such  frequent  occurrence  in  other  conditions  that 
it  is  certainly  not  a symptom  of  great  diagnostic  value. 

Diffuse  cerebral  sclerosis  is  apt  to  be  accompanied  by  impaired 
pupillary  reaction,  and  cases  of  paralysis  of  the  sixth  nerve  and 
nystagmus,  as  well  as  optic  neuritis,  have  been  reported. 

In  paralysis  agitans,  or  Wilkinson's  disease,  a bilateral  or  rarely  a 
unilateral  tremor  may  sometimes  be  noticed  in  the  muscles  of  the 
margin  of  the  upper  lid.  This  is  more  marked  when  the  lids  are 
closed,  and  is  accompanied  by  a degree  of  rigidity  rn  attempting  to 
open  them.  Nystagmus  is  a rare  symptom. 

According  to  Gowers,  the  slowness  of  motion  which  is  noticeable 
in  other  portions  of  the  muscular  system  rarely  affects  the  orbital 
muscles.  The  patient  will  turn  the  e/ts  instantly  in  any  desired 
direction,  and  follow  them  slowly  with  the  head  by  the  action  of  the 
muscles  of  the  neck. 

Spasm  of  accommodation  has  been  noted  in  several  cases  by  Koenig, 
and  gray  atrophy  and  bilateral  prusis  have  occasionally  been  reported. 

Disseminated  sclerosis  in  a large  proportion  of  cases  is  accom- 
panied by  very  significant  and  characteristic  eye  symptoms  which 
may  be  of  great  diagnostic  value.  They  manifest  themselves  in  defec- 
tive vision,  a variety  or  forms  of  limitation  of  the  visual  and  color 
fields,  color,  and  In  rare  instances,  absolute  scotomata,  variations  in 
the  ophthalmoscopic  appearance  of  the  disk,  and  disturbances  of  the 
ocular  and  orbital  muscles.  The  onset  of  these  symptoms  may  be 
gradual,  but  more  often  they  come  on  suddenly.  They  may  affect 
one  or  both  eyes,  and  they  vary  in  degree,  sometimes  disappearing 
entirely,  and  in  other  instances  relapsing  after  an  interval  of  many 
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weeks  Amaurosis,  which  is  rarely  complete  and  permanent,  may 
continue  for  several  months,  and,  after  prolonged  remission  appear 
again  (Charcot).  It  is  apt  to  be  accompanied  by  the  sensation  of  a 
inist  before  the  eyes,  and  even  when  scotomata  are  present  these  are 
rarely  absolute.  Pure  cases  of  disseminated  sclerosis  are  not  accom- 
panied by  hemianopsia,  and  this  tends  to  prove  that  the  lesions,  like 
those  of  retrobulbar  neuritis,  are  not  in  the  chiasm  or  optic  tracts, 

but  in  the  optic  nerve  itself.  ,.  . 

Visual  defects  and  changes  in  the  appearance  of  the  optic  disk  may 
precede  the  other  symptoms  of  disseminated  sc  erosis  by  months  or 
years,  or  they  may  make  their  appearance  in  the  early  stages  but 
they  are  usually  found  only  after  the  general  symptoms  are  well 

deIm°oPngd'the  most  striking  ocular  manifestations  of  disseminated 
sclerosis  are  the  disorders  of  the  ocular  and  orbital  muscles,  anc  o 
these  the  most  important  are  the  nystagmus,.  ataxic  nystagmic 
twitchings,  and  tremors  attributed  by  Kmes  to  insufficient  coi 
innervation  of  the  nuclei,  which  he  believes  to  be  due  in  the  main  t 
perinuclear  foci  in  the  fibres  of  the  corona  radiata. 

Nystagmus,  which  is  very  rare  in  other  forms  of  nervous  disease, 
is  said  to  occur  in  about  one-half  of  the  cases  of  disseminated  sclerosis 
Either  with  or  without  nystagmus  we  may  have  disorders  o 
associated  movements  of  the  eyes.  This  was  observed  by  Uthoff  in 
three  out  of  100  cases.  Isolated  paralysis  of  the  external  ocula 
muscles  and  nuclear  paralysis  may  occur,  an  example  of  the  kite 
being  defective  conjugate  motion  to  the  right  or  left  and  paresn  o 
the  power  of  convergence  (Swanzy)  The  peripheral  nerves  havebcen 
found  in  a number  of  instances  to  be  the  seat  of  sclerotic  foci,  L 
having  noted  four  cases  of  unilateral  abducens  paralyses  an  . three 
rSgof  partial  paralysis  of  the  motor  ocuh.  Moderate  deg*Bof 
impairment  of  motility  are  very  common.  As  in  the  cas  e of  Paraly^® 
oT  the  optic  nerve,  the  motor  affections  are  much  more  frequently 
seen  afteS  the  other  symptoms  are  well  developed,  but  they ^disease 
in  the  early  stages,  or  even  before  any  other  evidences  of  the  disease 

h a Abnormal  pupillary  reaction  is  uncommon  in  disseminated  sclerosis, 
but  a tew  case^  have  been  observed  including 
pupils,  myosis  in  the  advanced  stage.,  impaired  light  and ‘ c°” 
Lence  reaction,  inequality  of  size,  and  hippus.  Uthoff  found  slight 
deviations  from  the  normal  in  15  per  cent,  of  the  cases  studied  by 

Hl  As  Swanzy  has  pointca  out,  the  fact  that  ophthalmoscopic  changes 
in  the  disk  may  be  obseived  in  about  50  per  cent,  of  the  cases  is 
of  value  in  establishing  the  dia^osis  between  dissemmated  scleros 
and  hvsteria  in  which  we  sometimes  find  symptoms  resembling  th 
SttoSSS  stage  of  the  former  disease.  And  we  are  also  assisted 
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by  the  rarity  of  central  scotoma  and  the  irregular  and  erratic  char- 
acter of  the  visual  and  color  fields  in  hysteria,  as  compared  with 
those  of  disseminated  sclerosis  which,  although  narrow,  follow  the 
regular  physiological  order. 

In  amaurosis,  scotomata,  and  impairment  of  the  visual  fields  the 
symptoms  indicate  retrobulbar  disease  of  the  optic  nerve,  and  granular 
degeneration  of  the  medullary  sheaths,  with  intact  axis-cylinders,  may 
be  found  with  other  evidence  of  interstitial  neuritis.  Degenerative 
foci  are  undoubtedly  sometimes  found  in  the  primary  optic  ganglion, 
and  rarely  in  the  chiasm  and  tractus,  but  they  are  of  far  more  frequent 
occurrence  in  the  optic  nerves. 

According  to  Knies,  the  pathological  process  in  the  optic  nerve 
“ stands  midway  between  pronounced  optic  neuritis  and  simple 
atrophy.” 

While  the  medullary  sheaths  are  destroyed,  a large  proportion  of 
the  axis-cylinders  escape,  although  from  time  to  time  in  the  progress 
of  the  disease  their  conductivity  may  be  impaired.  This  accounts 
for  the  fact  that  the  disturbance  of  vision  or  the  defect  in  the  visual 
field  may  be  very  pronounced,  while  the  optic  disk  appears  normal, 
and  that  vision  may  vary  from  time  to  time,  or  be  in  a measure 
restored  so  long  as  the  axis-cylinders  which  pass  through  the  sclerosed 
patches  are  not  actually  destroyed.  Optic  neuritis,  according  to 
Uthoff,  is  found  in  about  5 per  cent,  of  the  cases,  but  the  ophthal- 
moscope reveals  no  retinal  atrophy,  and  there  may  be  no  visible  evi- 
dence whatever  of  a defect  of  the  optic  nerve.  Decided  atrophy 
occurs  in  only  about  3 per  cent,  of  the  cases,  and  even  partial  atrophy 
in  only  19  per  cent.  In  a considerable  number  of  cases  (about  18 
per  cent.)  an  ophthalmoscopic  picture  is  observed  closely  resembling 
that  of  toxic  amblyopia.  This,  however,  is  not  in  every  case  accom- 
panied by  the  characteristic  central  scotoma. 

When  the  ntrinsic  and  extrinsic  ocuLr  muscles  are  affected,  the 
lesions  are  in  the  main  nuclear,  although  in  a number  of  instances 
sclerotic  foci  have  been  found  in  the  peripheral  nerves.  Leube  saw 
both  motor  oculi  nerves  converted  into  thick  gray  bands  (Knies). 

Deformities  of  the  skull  following  chronic  meningitis  in  infants, 
producing  premature  ossification  of  the  cranial  bones  and  narrowing 
of  the  optic  foramina,  result  first  in  optic  neuritis  and  later  in  atrophy 
of  the  optic  nerve. 

Hydrocephalus  as  ?cen  in  infancy  may  be  accompanied  by  optic 
neuritis  or  atrophy  of  the  optic  nerves,  but  this  is  not  of  frequent 
occurrence;  while  nydrocephalus  appearing  later  in  life,  when  the 
sutures  are  more  firmly  united,  is  as  a rule  accompanied  by  such 
symptoms  and  by  evidences  of  pressure  closely  resembling  those  of 
tumor  of  the  brain. 

Swanzy,  in  Norris  and  Oliver's  System  of  Diseases  of  the  Eye,  calls 
attention  to  the  occurrence  of  bitemporal  hemianopsia  in  hydro- 
cephalus, due  to  pressure  on  the  optic  commissure  by  the  distended 
rioor  of  the  third  ventricle. 
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In  the  various  forms  of  meningitis,  as  well  as  in  hydroeephalus, 
there  is  often  such  a lowered  state  of  vitality  as  to  lead  to  the  develop- 

ment  of  keratitis  and  conjunctivitis.  , 

Porencephalus  (cysts  or  cavities  in  the  cortex)  may  be  accompanied 
by  eye  symptoms  somewhat  similar  to  those  which  appear  in  soften- 
ing Nystagmus,  ptosis,  reflex  rigidity  of  the  pupil,  and  gray  atrophy 

of  the  optic  nerve  have  all  been  observed.  . 

Bulbar  paralysis  in  its  typical  form  is  not  accompanied  by  eye 
symptoms,  but  due,  as  it  is,  to  pathological  processes  in  themedulla 
oblongata,  it  sometimes  has  associated  with  it  lesions  of  the  v s c 
and  especially  the  motor  centres  of  the  eye.  Optic  nerve  atrophy 
has  been  observed,  and  several  writers  have  reported  cases  of  paralysis 
of  the  ocular  and  orbital  muscles,  with  resulting  dilatation  and  fixa 
tion  of  the  pupils,  nystagmus,  ocular  deviation  or  fixation,  and  even 
a degree  of  exophthalmos.  Conjugate  deviation  and  paralysis  of 
the  ocular  branch  of  the  facial  have  been  noted,  and  while  the  disease 
is  at  its  height  concentric  limitation  of  the  visual  field  and  si 
impairment  of  vision  may  occur.  Straminski,  of  Wilna,  reports  a 
case  of  this  kind  following  influenza,  and  terminating  in  recovery  in 

1U  Progressive  ophthalmoplegia,  or  what  in  contradistinction  to  pure 
bulbar  paralysis  has  been  designated  as  superior  pohencephahtis  in 
its  acute  form,  is  due  to  hemorrhagic  inflammation  of  the  gray  mattei 
in  the  floor  of  the  fourth  ventricle  and  the  aqueduct  of  Sylvius  (Knies). 
In  addition  to  the  somnolence,  which  is  characteristic,  there  is  pro- 
gressive paralysis  of  the  ocular  muscles,  and  this  may  in  a short  tiui . 

^einUtheCchronic  form  there  is  degeneration,  which  may  affect  the 
nuclei,  nerves,  or  muscles,  producing  progressive  paralyses,  which  are 
usually  bilateral,  although  irregular,  and  may  be  complete  or  incom- 
plete Y These  paralyses,  with  the  resulting  convergent-  divergence, 
nystagmus,  reflex  rigidity  of  the  pupil,  etc  may  disappear  in  whole 
or  in  part,  only  to  appear  again  and  continue  to  ao\ i nee  (Knies). 

Syringomyelia  is  accompanied  sometimes  by  concentric  cont 
tion  of  the  visual  fields  and  rarely  by  optic  neuritis.  Abducens 
paralysis  and  nystagmus  have  also  been  reported. 


DISEASES  OF  THE  SPINAL  CORD. 

Myelitis  is  accompanied  sometimes  by  optic  neuritis,  which  may 
recover  or  go  on  to  complete  blindness;  and  Swanzy  points  out  that 
if  the  cervical  portion  of  the  cord  is  involved  we  may  have  mydriasis 

due  to  irritation,  or  paT  alytic  myosis.  . , 

Tabes  dorsalis  Is  in  a large  proportion  of  cases  accompanied  or 
preceded  by  eve  symptoms  which  are  of  the  greatest  importance 
and  often  supply  the  first  positive  indication  of  the  nature  of  this 
serious  disease^  These  consist  of  atrophy  of  the  optic  nerve,  par- 
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alysis  and  ataxy  of  the  ocular  muscles,  pupillary  alterations,  and 
paresis  or  paralysis  of  accommodation. 

Associated,  as  tabes  often  is,  with  other  diffuse  cerebral  and  spinal 
disease,  the  ocular  symptoms  afford  important  assistance  in  estab- 
lishing the  diagnosis.  Atrophy  of  the  optic  nerve  is  found  in  about 
20  per  cent,  of  the  cases,  and,  when  fully  developed,  the  disk  is  gray, 
is  often  slightly  cupped,  revealing  the  delicate  fibres  of  the  lamina 
cribrosa,  and,  especially  in  cases  with  a deep  physiological  depression, 
is  difficult  to  distinguish  from  glaucoma  simplex. 

In  the  earlier  stages  the  grayish  discoloration  of  the  disk  is  more 
noticeable  on  the  temporal  side  than  on  the  nasal,  which  is  normally 
more  pink  than  the  outer  half,  but  as  the  disease  advances  the  whole 
surface  becomes  uniformly  gray,  and  the  arteries  and  veins  are  reduced 
to  narrow  threads. 

Whatever  may  be  the  cause  of  tabes,  it  is  evident  that  the  atrophic 
process  in  the  optic  nerve  is  not  a direct  extension  of  the  disease  in 
the  brain  and  cord,  but  a separate  manifestation  of  the  same  process. 
The  fibres  in  the  centre  of  the  nerve  are  affected  last,  and  Leber  has 
shown  that  it  begins  in  the  periphery  of  the  retrobulbar  portion  and 
extends  toward  the  axis.  The  gray  atrophy  may  also  sometimes  be 
detected  in  the  chiasm,  the  tractus,  and  even  as  far  as  the  primary 
optic  ganglia  (Knies). 

Some  writers  claim  that  in  the  very  early  stages  hypersemia  of  the 
disk  precedes  atrophy  of  the  optic  nerve,  but  this  is  not  established, 
and  on  theoretical  grounds  it  would  seem  improbable,  as  the  process 
is  a primary  atrophy  of  the  nervous  elements.  Both  histologically 
and  with  the  ophthalmoscope,  tabetic  atrophy  is  easily  distinguished 
from  postneuritic  white  atrophy,  in  which  a dense  white  or  yellowish- 
white  disk  is  seen  entirely  obscuring  the  fibres  of  the  lamina  cribrosa. 
Atrophy  of  the  optic  nerve,  while  sometimes  appearing  in  the  later 
stages  of  locomotor  ataxia,  may  antedate  the  appearance  of  ataxia 
or  even  precede  the  lightning  pains,  loss  of  knee-jerk,  and  other  spinal 
symptoms  from  two  to  twenty  years.1 

Ophthalmoscopic  evidence  of  atrophy  generally  precedes  disturb- 
ance of  vision,  but  the  visual  disturbance  may  in  some  cases  be  much 
more  marked  than  would  be  indicated  by  the  appearance  of  the  disk. 

Strange  as  it  may  seem,  many  writers  maintain  that  the  progress 
of  the  general  disease  is  checked  and  there  is  an  abatement  of  the 
spinal  symptoms  on  the  development  of  optic  atrophy  if  it  appears 
in  the  preataxic  stage.2  In  regard  to  this,  Knies  very  properly 
remarks  that  a mistake!  diagnosis  may  account  for  the  improvement, 
as  the  prognosis  is  often  much  more  favorable  in  some  of  the  neurotic 
and  sclerotic  processes  which  may  be  mistaken  for  tabes. 

Authorities  differ  greatly  as  to  the  frequency  of  the  occurrence  of 
optic  atrophy  in  tabes,  Gowers  placing  it  at  13.5  per  cent.,  while 


1 Swanzy,  in  Norris  and  Oliver’s  System  of  Diseases  of  the  Eye. 

2 Benedict,  Wien.  med.  Presse,  1881,  Nos.  1,  2,  3,  4,  5. 
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Berger  gives  33.7  per  cent.,  and  Uthoff  20  per  cent.  Although  both 
eyes  usually  are  affected  at  the  same  time,  or  with ^a  veg^rl d mt  - 
val,  years  sometimes  elapse  after  one  nerve  becomes  atrophic  betore 

^Galez^wskilias^timated  that  two-thirds  of 

are  of  tabetic  origin;  but  whether  this  be  correct  or  not,  Ivmes  stares 

that  genuine  gray  atrophy  of  the  optic  nerve  should  always  lead  to 

“Spi  “ongof  tabes  .a/evea  ten  to  thirty  years 
the  appearance  of  gray  atrophy  of  the  optic  nerve  before 

SJ,Swan”y  SsTttention  to  the  fact  which  is  omitted  l by -some 
writers,  that  at  the  beginning  we  may  have  such  sub jective  phe 
ena  as  photophobia,  a sensation  of  sparks  and  colored  hghte,  and 
the  patients  complain  of  a fog  or  smoke  befo  y 

1 o points  out  that  the  interval  between  the  appearance  of  optic 
t^Sease  and  the  development  of  complete 
from  a few  months  to  seventeen  years.  One  ye* 
a probable  average.  A temporary  or  permanent 
may  in  some  instances  be  observed,  but  this  is  of  rare  occurrence 
in  SDite  of  the  most  skilful  and  persistent  treatment. 

Martin  calls  attention  to  the  fact  that  tabetic  patients  when  bli 
do  nS n'affy  sway  from  side  to  side  in  closing  the  eyes  and  standing 
with  the  feet  together,  a very  common  symptom  in  those  who  are 

stiff  able  to  see^  tabes  is  accompanied  by  failure  of  central 

and  colo?  vision  md  narrowing  of  the  visual  and  color  fields;  and 
th  diminishing  illumination  the  vision  of  a tabetic  patient  is  o tn 
teumf te  M much  more  rapidly  in  proportion  to  ^ ueual  rtamUrd 
than  is  the  case  with  one  with  normal  optic  ner\  es. 

™sS,  a small  eccentric  portion  of  the  retina  sometimes  remams 

intact  after  the  macular  region  is  blind  ro_„r„r„  flnfi  should 

Central  scotomata,  if  they  occur  at  all,  are  y , . 

as  Knies  has  pointed  out,  arouse  the  suspicion  of  a complication  o 

mistaken  diagnosis.  Central  vision  may  m some 

a nf  narrowine:  ct  vUe  visual  field,  or,  on  tne  oinei  , 

Swanzv  refers  +o  the  fact  that  a temporary  functional  increase 
the  narrowing  of  die  visual  fields  may  result  from  mental  worry. 

Cdor  bhndness  is  almost  always  found  in  association  with  the 
optic  atroSly  of  tabes,  bnt  its  degree  is  not  necessarily  m direct 
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proportion  to  the  visual  disturbance  nor  to  the  limitation  of  the 
visual  field.  In  some  instances  it  may  even  be  detected  before  optic 
atrophy  can  be  discovered  with  the  ophthalmoscope. 

An  examination  of  the  color  fields  is  very  important,  as  those 
cases  in  which  their  narrowing  is  much  more  marked  than  the  field 
for  white  are  apt  to  be  rapidly  progressive;  and  Knies  has  pointed 
out  that  a re-entering  angle  in  the  boundary  of  the  color  field  is  the 
forerunner  of  a similar  narrowing  of  the  field  for  white. 

As  rare  visual  disorders,  we  may  in  the  later  stages  have  sym- 
metrical defects  of  the  visual  fields  or  homonymous  hemianopsia. 

Disorders  of  the  ocular  muscle's  are  of  frequent  occurrence  in  tabes, 
and  their  importance  is  greatly  increased  by  the  fact  that  in  a large 
proportion  of  cases  they  appear  in  the  early  stages,  mydriasis,  diplopia, 
or  ptosis  often  being  the  first  symptom  to  attract  the  attention  of 
the  patient.  According  to  Uthoff,  they  are  found  in  20  per  cent.,, 
and  according  to  Berger  in  38  per  cent,  of  all  cases.  They  usually 
develop  suddenly,  and  while  they  may  be  permanent,  more  frequently 
disappear  after  a period  varying  from  a few  hours  to  a year  or  more; 
but  they  are  prone  to  relapse,  and  they  are  more  apt  to  be  permanent 
if  occurring  in  the  later  stages  of  the  disease.  The  sudden  appear- 
ance of  paralysis  of  an  ocular  muscle  in  an  apparently  healthy  person, 
especially  if  it  recovers  in  a short  time  or  subsequently  relapses, 
should  always  arouse  the  suspicion  of  tabes  (Knies). 

Any  one  or  more  of  the  orbital  nerves  may  be  affected,  but  paralysis 
and  paresis  of  the  abducens  and  motor  oculi  are  of  most  frequent 
occurrence. 

The  lesion  in  paralysis  of  tabetic  origin,  while  it  may  be  perinuclear 
or  internuclear,  is  generally  peripheral  or  nuclear,  and  therefore  we 
never  have  associated  or  conjugate  paralysis  (Knies).  While  true 
nystagmus  is  of  very  rare  occurrence  in  tabes,  we  not  infrequently 
may  observe  ataxic  oscillations  or  what  are  sometimes  termed  nys- 
tagmic twitchings,  which  may  be  demonstrated  by  causing  the  eye 
to  follow  an  object  in  motion  and  fix  it  when  the  motion  ceases. 

Paralysis  of  the  ocular  branch  ji  the  facial  nerve  is  of  rare  occur- 
rence, but  paresis  accompanied  by  tremor  on  effort  to  close  the  lid 
is  frequently  observed. 

Pupillary  alterations  are  of  the  greatest  diagnostic  importance  in 
tabes.  The  pupils  may  be  of  unequal  size  in  the  two  eyes,  and  are 
very  often  of  irregular  shape.  Mydriasis,  due  to  oculomotor  paralysis, 
but  not  necessarily  accompanied  by  cycloplegia,  is  sometimes  observed, 
though  it  is  rare.  Myosis,  on  the  other  hand,  is  very  common,  and 
may  be  looked  upon  as  characteristic  of  tabes  dorsalis.  The  contrac- 
tion may  be  extreme  (“pin-hole  pupil”)  or  of  only  moderate  degree; 
but  whether  normal  in  size  or  contracted,  our  attention  in  this  disease 
is  especially  directed  to  the  absence  of  reaction  to  light,  accommo- 
dati  'e  effort,  convergence,  and  cutaneous  irritation,  which  appear 
in  the  various  stages  as  the  tabetic  changes  progress.  These  pupil 
changes  are  due  to  disease  of  the  ciliospinal  centre. 
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The  Argyll-Robertson  pupil,  while  it  is  also  occasionally  observed 
in  other  nervous  diseases,  is  a most  important  symptom  of  tabes 
dorsalis  It  consists  in  the  absence  of  contraction  on  exposui 
light  of’  a pupil  which  still  retains  the  power  to  contract  in  conver- 
gence or  accommodation.  The  pupil  may  be  normal  or  even  dilated 
although  it  is  generally  quite  narrow,  and  it  should  be  borne  m m 

Star  when the  disease  is  sufficiently  advanced  and  after 
light  stimulus  has  ceased  to  cause  contraction,  the  reflex  to  sensitive 
stimuli,  such  as  cutaneous  irritation,  is  lost,  and  finally  converge 
also  fails  to  be  accompanied  by  contraction.  ... 

While  occasionally  entirely  wanting,  the  Argyl  “ 

one  of  the  most  constant  of  all  the  symptoms  of  tabes,  and,  owing 
to  the  fact  that  it  is  often  an  initial  symptom,  its  value  can  scarcely 
be  overestimated.  Dillman  found  it  in  76  per  cent,  of  his  cases.  In 
3?  6 per  cent  the  pupils  responded  neither  to  light  nor  convergence. 
And  the  normal  condition  of  both  pupils  was  found  by  Berger  in 
offiv  4 among  109  cases  (Knies).  The  latter  writer  has  also  called 
attention  to  the  fact  that  in  myosis  of  spinal  ongn  mydnatics  are 
less  effective  while  in  spinal  mydriasis  the  action  of  myopics  is 
dTminished  In  examining  for  the  presence  of  the  light  reflex,  Swanzy 
calls  attention  to  the  importance  of  avoiding  such  cutaneous  lrn- 
tatffin  i is  apt  to  result  from  touching  the  skin  of  the  face  or  lids, 
and  recommends  that  the  test  be  made  “J  darkened  J°°m-  „ 

Paralysis  of  accommodation  is  rare.  When  found,  it  is  general  y 
in  association  with  mydriasis  and  in  the  late  stages  of  the  disease-  ^ 
What  is  sometimes  termed  sympathetic  ptosis,  b 
slight  drooping  of  the  upper  lids  not  due  to  paralysis  of  the  third 
nerve,  is  occasionally  observed  in  association  with  myosis^ 

Another  somewhat  rare  sympathetic  symptom,  but 1 
claims  to  have  seen  in  half  of  his  cases,  is  epiphora  It 
to  disturbed  lacrymal  secretion  and  imperfect  action  of  the  orPicu 
Kris  palpebrarum  Berger  also  calls  attention  to  mperfect  closure 
oT  the  eyelkls,  with  fibrillary  twitchings  of  the  orbicularis  muscle, 
and  to  reduced  intra-ocular  tension,  which  he  attributes  to  paralysis 
7 th^pSUc.  Other  writers  seldom  mention  these  symptoms. 


TROPHONEUROSES. 

Acromegaly  sometimes  causes  great  thickening  of 
tt,;  orbits  and  this  may  bo  increased  by  dilatation  of  the  frontal 
sinuses  The  lids  mat  become  hypertrophied  and  brown  in  color. 
T^oniunctivai  fat,  and  orbital  museles  are  at  tones  hyper- 
trophied, and  the  exophthalmos  which  occasionally  develops  y 
he  accompanied  bv  atiophv  of  the  optic  nerves. 

Hvpertroplr  of  the  pituitary  body  is  by  some  writers  considered 
as  a cause  bat  Marie  looks  upon  it  as  one  of  the  results  of  acromega  y. 
However  this  may  be,  the  resulting  pressure  upon  the  chiasm  a 
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optic  tract  may  lead  to  optic  neuritis  or  choked  disk,  or  to  bitem- 
poral hemianopsia,  or  narrowing  of  the  visual  fields,  defective  vision, 
and  sometimes  even  to  complete  blindness. 

Hemifacial  hypertrophy  is  a rare  affection  in  which  the  eye  neces- 
sarily bears  an  important  part.  The  orbit,  lids,  and  eyeball  are  often 
greatly  enlarged,  leading,  when  the  ball  is  hypertrophied,  to  exposure 
of  the  cornea  from  difficulty  in  closing  the  lids.  Knies  and  Ziehl 
have  each  reported  a case  in  which  the  eyeball  took  part,  producing 
a high  degree  of  myopia  and,  in  the  case  of  the  former  observer, 
extensive  choroidal  changes. 

Progressive  facial  hemiatrophy,  which  begins  with  unilateral  irri- 
tation of  the  cervical  sympathetic  and  later  passes  into  paralysis, 
involving  also  a lesion  of  the  trigeminus,  produces  ptosis,  myosis, 
and  enophthalmos,  with  oculopupillary  irritation  and  paralysis. 
There  is  progressive  thinning  of  the  skin  of  the  eyelids,  and  the  brows 
and  lashes  turn  gray  and  fall  out.  Retraction  of  the  lids  often  leads 
to  exposure  and  disease  of  the  cornea.  Kalt  observed  choroiditis 
and  myopia,  and  Ruhemann  reported  ptosis,  divergent  strabismus, 
-cataract,  impaired  mobility  of  the  eye,  and  contracted  pupil  (Knies). 


INJURIES  TO  THE  BRAIN  AND  SPINAL  CORD. 

Injuries  to  the  brain  produce  a variety  of  eye  symptoms  which 
may  be  classified  as  (a)  those  which  are  the  direct  effect  of  tre  uma- 
tisni  of  the  cortex,  nuclei,  tracts,  chiasm,  or  optic  nerves,  and  (6) 
those  which  result  from  hemorrhage,  meningitis,  arc:  abscesses  of 
traumatic  origin.  Under  their  respective  heads  the  eye  symptoms 
which  follow  the  conditions  mentioned  in  the  latter  group  (c)  have 
already  received  consideration. 

Well-defined  and  clear-cut  localizing  symptoms  may  occasionally 
be  observed  in  gunshot  and  punctured  wounds.  A wound  of  the 
cortex,  if  in  the  occipital  region,  may  be  followed  by  cortical  blind- 
ness or  hemianopsia  with  conjugate  deviation  and  nystagmus;  but 
fractures,  especially  fractures  of  the  base,  are  apt  soon  to  be  compli- 
cated by  hemorrhage  and  meningitis  which  obscure  the  symptoms. 
Not  infrequently,  however,  ir.  fracture  at  the  base  which  does  not 
necessarily  require  a blow  of  great  force,  if  in  the  proper  direction, 
one  or  both  of  the  optic  foramina  are  involved,  lacerating  the  optic 
nerve,  and  we  have  immediate  blindness  with  loss  of  pupillary  reaction, 
•even  before  inflammatory  symptoms  have  developed.  This  is,  of 
course,  soon  followed  by  atrophy.  Both  Knapp  and  Knies  have 
reported  such  cases,  and  the  latter  author  records  one  reported  by 
Taffier  in  wlrch  fracture  of  the  frontal  bone  was  followed  by  nasal 
hemianopsia  evidently,  so  he  states,  due  to  involvement  of  the  anterior 
angle  of  the  chiasm.  Such  traumatisms  may  also  involve  the  motor 
nerves,  especially  the  facial,  producing  lagophthalmos  and  the  ab- 
ducent causing  paralytic  convergence. 
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Compression  of  the  brain  and  concussion  both  cause  pupillary 
■changes  In  the  former  we  have  mydriasis  without  reaction  to  hg 
Li,  in  rare  instances,  congestion  and  oedema  of  the  papilla  while 
in  the  latter  Hutchinson  describes  a degree  of  sluggishness  in  the 
pupillary  movements,  and  Knies  refers  to  the  not  infrequent  occur- 
rence of  nystagmus,  which  he  attributes  to  “cortical  inactivity  or 
interference  with  the  conduction  of  the  innervation  impulse  whic 
starts  from  the  cortex.”  Concussion  of  the  brain  is  followed  by  no 
ophthalmoscopic  change,  although,  as  Cowers  has  suggested  simp 
concussion  of  the  nerve  and  retina  may  probably  cause  loss  of  sight 
and  slow  atrophy.  Contusions  and  lacerations  of  the  brain  and  hernia 

cerebri  may  be  accompanied  by  neuritis. 

Iniuries  of  the  spinal  cord  rarely  cause  organic  disease  of  the  eyes 
No  changes  in  the  fundus  were  found  in  17  rapidly  fatal  cases  observed 
by  Allbutt,  although  among  13  chronic  cases  he  reports  8 as  having 
exhibited  more  or  less  hypenemia  of  the  papilla.  He  never  fou 
SS  optic  neuritis  (Knies).  When  the  injury  is  in  the  lower  cervical 
or  upper  dorsal  region,  a lesion  of  the  sympathetic  may  lead  to  vaso- 
motor and  trophic  disturbances  and  inequality  or  contraction  of  the 

' \Vhile  in  rare  instances  optic  neuritis  and  atrophy  of  the  optic 
nerve  have  been  reported,  in  considering  them  we  should  bear  in 
mind  the  fact  that  spinal  injury  may  be  complicated  with  injury  of 
the  brain,  and  thus  account  for  the  symptoms  observed  in  the  ejres. 

Various  ocular  symptoms  are  of  frequent  occurrence  in  concussion 
of  the  spine,  but  it  is  not  usually  easy  to  establish  the  existenc  o 
a re!d  organic  lesion  in  such  cases.  This  is  especially  true  of  n i way 
soine  or  what  by  some  writers  has  been  termed  concussion  of  the 
spine’  but  even  where  this  is  the  case  it  is  difficult  tc  hud  records 
of  well-authenticated  instances  in  which  it  has  led  to  organic  disease 
of  the  eyes.  The  neurotic  symptoms  are  often  verv  marked,  and,  as 
we  may7  even  sometimes  find  hysterical  contraction  of  the  visua 
fields  it  is  important,  as  Swanzy  has  pointed  out,  that  in  our  ophthal- 
moscopic examinations  we  carefully  avoid  interpreting  what  may  be 
a ph^ologTcal  variation  in  the  color  of  the  cask  as  indicating  an 
organic  lesion  of  the  optic  nerve. 


diseases  gf  the  nerves. 

Multiple  neuritis,  which  is  a not  infrequent  effect  of  I^jonous 
and  infectious  diseases,  may  affect  the  optic  nerve,  producing  axial 
neuritis,  central  scotoma,  disturbances  of  color  perception  etc  sue 
as  are  described  in  the  section  devoted  to  toxic  amblyopia.  It  may 
also  affect  the  motor  nerves,  producing  partial  or  complete  paralysis. 

Knies  calls  attention  to  thl  fact  that  in  amyotrophtc  paralycns .of 
the  arm  when  the  nerve  roots  or  spinal  cord  are  involved,  if  the 
oculopupillary  fibres  from  the  cord  to  the  sympathetic  become  lm 
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permeable  we  may  have  ptosis,  myosis,  and  enophthalmos  on  the 
same  side. 

Inflammation  of  the  first  branch  of  the  trigeminus  may  lead  to 
herpes,  which  is  considered  elsewhere. 

In  trigeminal  neuralgia  the  ocular  branches  are  sometimes  scarcely 
involved,  but  they  often  do  take  part,  leading  to  injection,  lacry- 
mation,  photophobia,  and  pain  in  the  eye.  Inflammation  of  the 
ocular  branches  if  severe  is  quite  constantly  reflected  to  the  other 
branches  of  the  trigeminus. 

Paralysis  of  the  trigeminus  is  apt  to  lead  to  neuroparalytic  kera- 
titis if  an  abrasion  of  the  cornea  occurs  and  the  element  of  infection 
is  added. 

A large  proportion  of  the  nervous  phenomena  which  appear  as 
reflex  expressions  of  the  accommodative  and  muscular  strain,  made 
necessary  by  errors  of  refraction  and  muscle  imbalance,  mahifest 
themselves  in  the  superior  branch  of  the  trigeminus.  And  in  every 
case  of  obstinate  trigeminal  neuralgia  a careful  attempt  should  be 
made  to  discover  and  correct  all  such  errors. 

Paralysis  of  the  ocular  branch  of  the  facial  nerve  is  followed  by 
lagophthalmos,  which  may  be  present  in  any  degree,  and,  if  marked, 
is  apt  to  be  the  cause  of  secondary  conjunctivitis  and  keratitis  as  the" 
result  of  exposure. 

Tonic  and  clonic  spasm  of  the  orbicularis  muscle  may  be  cortical 
or  nuclear  in  origin,  or  a reflex  symptom  of  peripheral  irritation. 


CHAPTER  XIV. 

GENERAL  PREPARATION  FOR  OPERATIONS  UPON 

THE  EYE. 

By  CLARENCE  A.  VEASEY,  A.M.,  M.D. 

The  general  principles  of  aseptic  and  antiseptic  surgery  should  be 
employed  in  operations  on  the  eye,  as  well  as  in  operations  upon 
other  portions  of  the  body,  with  the  exception  that  the  strong  germi- 
nal solutions  which  may  be  used  elsewhere  are  here,  as  a rule, 

not  permissible. 

PREPARATION  of  the  patient. 

If  time  permits,  it  is  important  that  the  patient’s  general  health 
be  placed  Pin  the  best  possible  condition  prior  to  the  performance 
of  any  of  the  major  operations.  Naturally,  this  does  not  apply 
in  those  emergency  cases  demanding  immediate  attention,  bu.  in 
other  case^  the  surgeon  will  be  well  rewarded  for  attending  to 
anv  of  the  details  that  will  improve  the  physical  or -mental 1 corJ' 
dition  of  the  patient.  Should  diabetes  or  albuminuria  b<  present, 
they  are  grave  complications,  to  be  sure  but  by  no  means  contra- 
indicate operative  procedure,  as  was  formerly  thought  to  be the 
case  If  however,  a course  of  medicinal  and  dietetic  treatment, 
will  improve  materially  the  nephritic  condition  the  < 
mate  success  in  any  operation  upon  the  eye  will  thereby  be  mark 
edly  increased.  If  any  acute  pulmonary  Asease  is  Prese  t 
wiser  to  postpone  operation  until  after  its  subsidence;  and  again,  it 
there  is  any  chronic  pulmonary  aff(  ction  it  is  not  on  y ^f^ssary 
improve  the  condition  as  much  as  possible,  especially  if  - 

exacerbation  but  it  is  also  of  the  utmost  importance  to  allay  any 
• cough  that  might  give  rise  to  complications  during  t^^toThe  okier 
operative  procedure.  For  toe  latter  purpose,  ' 1 . ^ f 

remedies  heroin  has  been  much  employed  of  late,  and  in  doses  o 
SSmlTto  one-twelfth  of  a grain,  frequently  repeated,  has 
proved  of  value,  a"  has  also  the  following  spray: 


Menthol  crystals, 
Pulv.  camphor®. 
Liq.  petrolati, 

M.  To  oe  u er*  locally  in  atomizer  or  nebulizer. 


gr.  xxx. 
5j- 
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The  condition  of  the  heart  and  bloodvessels  should  also  be  carefully 
investigated.  If  arterio-sclerosis  is  present,  such  drugs  as  will  reduce 
arterial  tension,  and  thereby  lessen  the  probability  of  hemorrhage, 
intra-ocular  or  extra-ocular,  should  be  administered. 

Appropriate  remedies  and  exercises  should  be  employed  for  val- 
vular cardiac  affections;  and  if  the  patient  be  a “ bleeder”  and 
an  operation  be  determined  upon,  all  possible  means  for  lessening  the 
liability  to  excessive  hemorrhage  should  be  adopted.  For  this  purpose 
the  administration  of  the  calcium  salts  and  of  gelatin  has  proved 
of  value.  The  latter  is  not  only  employed  hypodermically,  but 
the  eating  of  large  quantities  is  highly  recommended  in  the  condition 
of  haemophilia.1 

It  is  especially  important  that  there  be  no  suppurative  disease  of 
the  conjunctiva  or  lacrymal  sac  in  those  cases  requiring  the  opening 
of  the  eyeball.  These  conditions  should  be  treated  as  long  as  it  is 
necessary  to  rid  the  patient  of  them,  both  by  topical  applications 
and  intranasal  medication,  and,  in  persistent  dacryocystitis  resisting 
prolonged  treatment,  it  is  sometimes  even  advisable  to  close  the  lacry- 
mal punctum  by  means  of  the  actual  cautery. 

On  the  day  preceding  the  operation  the  patient  should  take  a warm 
bath,  including  a shampoo  for  the  head  and  beard,  guarding  against 
any  exposure  to  draughts  of  air.  A teaspoonful  of  compound  licorice 
powder,  or  a dose  of  some  other  laxative,  to  be  followed  the  next 
morning  by  a saline  or  enema,  will  place  the  pitient’s 
bowels  in  the  best  condition  for  rest  and  quiet  after 
the  operation. 

Preparation  of  the  Region  of  Opera* ion.  An  hour 
or  two  preceding  the  operation  the  skin  of  the  eye- 
lids and  surrounding  parts  is  thoroughly  cleansed 
with  soap  and  water,  followed  by  alcohol,  and  then 
by  a solution  of  mercuric  chloride  (1:  5000).  Par- 
ticular attention  should  be  given  to  the  eyebrows 
and  ciliary  margins,  and  at  the  same  time  care  should 
be  exercised  not  to  irritate  the  conjunctiva  by  per- 
mitting the  soap  or  alcohol  to  come  in  contact  with 
it.  The  conjunctival  cul-de-sac  is  next  freely  irri- 
gated, either  with  a sterile  boric  acid  solution  (gr. 
x to  oj),  sterile  saline  solution  (normal  strength), 
or  with  a solution  of  mercuric  chloride  (1:  5000). 
The  eyelashes  should  be  rubbed  quite  hard,  as  it  is  ■" 
here  that  many  micro-organisms  lurk,  after  which 
the  eye  and  surrounding  parts  are  covered  with  a 
sterile  dressing  u util  the  surgeon  is  ready  to  proceed  with  the  opera- 
tion. It  is  also  advisable,  as  advocated  by  Lippincott,  to  spray  the 
nares  three  or  four  times  a day  for  a couple  of  days  preceding  any 


Fig.  343. 


Bottle  and  irriga- 
tor for  boric  acid 
solution. 


i For  p rosuin6  of  the  literature  and  directions  as  to  the  use  of  gelatin,  consult  a paper  by  Dr.  Joseph 
Sailer  therapeutic  Gazette,  August,  1901. 


preparation  fob  operations  upon  the  eye. 


655 


operation  upon  the  eyeball  with  a solution  of  permanganate  of 
potassium  (1-  2000),  as  ample  experience  has  shown  that  the  pro- 
cedure materially  lessens  the  liability  to  infection  of  the  wound  or 

p— *-*• 

nrPQpnt  in  every  coniunctival  cul-de-sac  and  on  the 
UdamaSins  and  that  germiddal  solutions  sufficiently  strong  to 
destmy  them  also  produce  injury  to  the  delicate  epithelial  layer  of 
the  cornea,  sometimes  resulting  in  permanent  loss  of  a portion  of  the 
i QPni+v  as  well  as  giving  rise  to  considerable  irritation  of  the 
visual  acuity,  tfierefore,  obliged  to  content  ourselves 

StTSS^Sl  if  Z rZ;  KSrf.  - possible,  and  the  diminution 
of  the  vitality  of  those  remaining,  by  forcibly  flushing  the  conjunct™ a. 
and  scrubbing  the  lid  margins  with  some  of  the  solutions  described 
Immediately  preceding  the  operation  the  conjunctiva  is : aga 
flushed  with  the  boric  acid  or  mercuric  chloride  solution  the  lid 
everted  and  the  conjunctival  surface  wiped  with  a pledget  of  ab- 
sorbent’cotton  moistened  with  the  same  solution  It  is  also  well  to 
Soe  very  gently  that  portion  of  the  surface  of  the  cornea  in  which 
the  puncture  is  to  be  made  in  those  operations  in  which  the  eyeball 
is  to  be  entered.  In  all  office  operations  in  which  the  surgeon  is 
feady  to  proceed  at  once  the  temporary  dressing  is  dispensed  with. 


PREPARATION  OF  THE  SURGEON  AND  ASSISTANTS. 

The  hands  of  the  surgeon  and  all  assisting  him  in  the  operation 
are  scrubbed  with  soap  and  warm  water,  the  finger-nails  receiv  ing 
particular  attention.  After  immersing  the  hands  in  alcohofora 
moment  they  are  dipped  in  a solution  of  mercuric  chlonde  ,1 . 100  ), 
after  which  nothing  should  be  touched  that  has  not  previously  be 
at  i i Tf  tVip  qssistant  is  one  with  whon  the  surgeon 

[fu— S to  wot  h“  be  advised  o'  the  details  ot  the 
.<1 1 inn  and  the  order  in  which  the  instruments  will  probably  be 
required  In  operations  upon  the  bulb,  tie  assistant  should  be  in- 
structed as  to  the  method  of  removing  pressure  from  the  eyeball  by 
lifting  the  speculum,  and  also  as  to  the  probable  procedures  in  case 
of  complication.  The  nurse  should  be  prepared  to  render  any 
assistance  required,  and  neither  s»rgeon  nor  assistants  should  ha\e 
Zdled  seS  cask  for  some  hours  before  operating.  If  severd 
cases  have  to  be  operated  upon  at  the  same  time,  and  some  of  them 
are  septic,  these  should  be  taken  last. 

PREPARATION  Cv  ‘-’’HE  INSTRUMENTS,  SPONGES,  SUTURES, 
PREPARA1  iU*L;0ATURES  AND  DRESSINGS. 

Instrume itf  All  the  instruments  to  be  employed,  with  the  excep- 
tion of  the  cutting  instruments  with  very  fine  points  (cataract  knives- 
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and  needles,  keratomes,  etc.),  should  be  scrubbed  thoroughly  with 
soap  and  warm  water,  particular  attention  being  given  to  the  joints 
and  rough  parts.  It  is  better  to  do  this  immediately  after,  as  well 
as  before  each  operation.  They  are  then  placed  in  a steam  sterilizer 
for  ten  minutes,  or  else  boiled  from  three  to  five  minutes  in  a 1 per 
cent,  solution  of  carbonate  of  sodium,  the  latter  preventing  them,  to 
some  extent,  from  rusting,  and  preserving  their  cutting  edges.  From 
the  sterilizer  the  instruments  are  immersed  in  absolute  alcohol, 
where  they  remain  until  the  surgeon  is  ready  to  proceed,  when  they 
are  transferred  to  sterile  water  or  sterile  saline  solution,  to  cleanse 


Fig.  344. 


WALL  aOCHS.PHILA. 


Veasey’s  portable  sterilizer. 


them  from  the  alcohol,  which  is  irritating  to  the  eye.  In  the  oper- 
ating-rooms of  hospitals  a steam  sterilizer  is  usually  found,  but  in 
private  practice  it  is  necessary,  as  a rule,  to  employ  the  boiling  method. 
For  this  purpose  the  writer's  portable  sterilizer  (Fig.  344)  is  very 
convenient.  After  the  instruments  have  been  boiled  the  perforated 
tray  containing  them  can  be  transferred  to  the  alcohol,  and  then  to 
the  water  or  saline  solution,  no  instrument  being  touched  until  the 
operation  begins. 

Experience  has  shown  that  the  delicate  cutting  instruments  cannot 
be  treated  in  the  same  manner  as  the  coarser  instruments  without 
destroying  to  a large  extent  their  cutting  qualities.  They  are,  there- 
fore, first  wiped  with  sterile  cotton  moistened  with  absolute  alcohol. 
The  cutting  edges  and  points  having  been  carefully  inspected  for 
rust  or  blood  clots,  are  then  wrapped  with  sterile  cotton  and  held 
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for  » moment  in  boiling  water,  after  which  they  may  be  placed  in 
f u rill  or  wrapped  in  sterile  absorbent  cotton  until  required 
to  use  immediately  Wore  u«Dg  them  the,  should  again  be  dipped 

inMany&fme“  “btain  the  same  results  are  employed 

, i,+ ivihiiifi  surgeons  For  example,  some  do  not  employ 

b,y  after  boilin§  in  a 3 PCT 

absolute  a co  , , |i(J  acid  or  a 1:  1000  solution  of  formaldehyde. 

Silent  ine  to  this  method.  Before  beginning  an  operation,  ,t  is 


Fig.  345. 


Reik’s  formalin  sterilizer. 


always  a good  procedure  to  arrange 

°ut  more 

quickly  should  complications  arise  ^"^^^ponges  may  be 

geons,  but  small  pieces  oi  S d Q tions  in  the  orbit  it  is 

cotton,  are  preferable.  In  o P P ed  on  the  ends  0f  sterile 

more  satisfactory  to  have  th  ‘ Prts  mav  be  more  readily 

sticks  or  probes,  so  that  in  spongig^  P ^ d 0f  operation, 

reached  and  the  assistant's  hand  wdl  chromicized,  and 

Sutures  and  Tuguoures.  Catgut  either  pmn  o 

fine  silk  are  employed  » not  differ  from  those 

in  useain\i«ral  surgery  The  silk  may  be  either  white  or  black, 

42 
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Fig.  346. 


but  the  latter  is  to  be  preferred  if  it  is  to  remain  in  position  for  some 
time,  as  it  is  more  readily  located  for  removal.  After  the  . utures  are 
removed  from  the  solutions  in  which  they  usually  are  kept  they  are 
placed  in  absolute  alcohol  until  required,  when  they  are  rinsed  in 
sterile  water.  The  same  procedure  applies  to  ligatures. 

Dressings.  The  dressings  to  be  placed  upon  an  eye  after  an 
operation  necessarily  differ  according  to  the  nature  of  the  operation 
and  the  exigencies  of  the  case.  In  extensive  operations  about  the 
lids  they  do  not  differ  from  those  employed  in  surgery  elsewhere — 
viz. : a protective,  pads  of  sterile  gauze,  absorbent  cotton,  and  a roller 
bandage.  The  gauze  may  have  been  made  sterile  by  heat,  or  soaked 
in  a solution  of  mercuric  chloride  (1 : 1000  or  1 : 2000)  or  other  germi- 
cide, and  dried.  The  bandage  should  also  be  sterile,  and  gauze  is  to 
be  preferred  in  preparing  it,  as  it  retains  its  position  much  better 
than  if  made  of  flannel.  The  dressing  may  be  either  dry  or  wet.  In 
the  latter  instance  it  is  soaked  in  some  solution  before  placing  in 
position,  usually  mercuric  chloride  (1:  5000),  boric  acid  (gr.  x to  Sj), 

or  sterile  normal  saline  solution,  and 
the  excess  squeezed  out  with  the  hand. 

In  the  majority  of  ophthalmic  oper- 
ations the  following  method  of  dress- 
ing the  eye  will  prove  satisfactory: 
A few  layers  of  sterile  gauze  two  and 
one-half  inches  in  diameter  are  moist- 
ened with  a solution  of  mercuric 
chloride  (1:5000),  and  placed  over 
•the  closed  eyelids.  Over  this  Is  placed 
sufficient  sterile  absorbent  cotton  to 
fill  in  the  depression  made  by  the  or- 
bital ridge  and  the  nose.  These  are 
fastened  securely  in  position  by  a few 
strips  of  isinglass  plaster.  If  the  pa- 
tient is  quiet,  this  is  sufficient;  if  he 
is  restless,  however,  or  untrustworthy 
as  to  passing  his  fingers  beneath  the 
dressings,  or  lifting  it  in  an  attempt  \o  see,  it  is  safer  to  add  the 
figure-of-eight  bandage.  Indeed;  in  many  cases,  as  after  cataract 
extractions  or  iridectomies,  it  is  an  excellent  plan  to  place  over  the 
above  dressing  a protective  mask  such  as  that  shown  in  Fig.  346, 
which  was  devised  by  the  late  Dr.  Frank  W.  Ring,  of  New  York,  and 
is  made  of  papier-mache.  Other  masks  made  of  wire  or  aluminum 
are  employed  by  some  surgeons.  In  place  of  the  figure-of-eight  band- 
age in  some  cases,  and  especially  in  those  who  are  continuing  their 
vocations,  a modified  Liebreich  bandage,  which  is  knit  of  black  zephyr 
and  fastened  m position  by  a tape  at  each  end,  will  be  very  acceptable. 
It  is  made  either  single  or  double,  according  to  whether  it  is  required 
for  one  oi  for  both  eyes.  A pressure  bandage  is  not  applied  differently 
from  that  described,  except  that  sufficient  cotton  is  so  placed  over 


Ring's  eye  mask. 
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the  gauze  pads  that,  when  the  bandage  is  applied,  firm  pressure  upon 
the  eyeball  is  made.  A ring  dressing,  such  as  is  employed  some- 


Fig.  347. 


Modified  Liebreicfi  bandage. 


times  after  skin-grafting,  is  made  by  surrounding  the  whole  field 
of  operation  with  a ring  of  sterile  gauze  sufficiently  thick  to  pre- 
vent the  dressings  from  coming  in  contact 
with  it.  Eye  shades  are  sometimes  em- 
ployed after  the  dressings  have  been  dis- 
carded, and  should  be  firm,  light,  and  so 
shaped  that  sufficient  air  can  enter  behind 
them  to  keep  the  eye  cool  and  dry.  (Fig. 

348.)  A Buller  shield  may  be  employed 
in  certain  cases  as  a protective  dressing. 

Occasionally,  as  in  tuberculous  disease  of 
the  orbital  bones,  it  is  necessary  to  employ 
iodoform  dressings  about  the  eye,  but  these  do  r,ot  differ  in  any 
respect  from  similar  dressings  employed  elsewhere. 


Fig.  348. 


Ey  j shade. 


AN^STHFSIA. 

General  Anaesthesia.  In  the  great  majority  of  ophthalmic  opera- 
tions local  anaesthesia  is  sufficient  • but  in  a few,  such  as  enucleation 
of  the  eyeball,  operations  upon  severely  inflamed  eyes,  removal  of 
orbital  growths,  plastic  operations  upon  the  lids,  and  in  most  of  the 
operations  upon  children  or  very  nervous  individuals,  general  anaes- 
thesia is  required.  E+h ?r  is  preferable  to  chloroform,  except,  perhaps, 
in  patients  affected  with  chronic  bronchial  diseases,  in  whom  it  is 
liable  to  give  rise  to  an  attack  of  pneumonia.  Bromide  of  ethyl  is 
sometimes  emp’oyed,  and  at  the  present  time  is  attracting  consid- 
erable attention  ‘among  French  surgeons,  but  by  most  operators 
it  is  considered  to  possess  no  advantage  over  ether  or  chloroform. 
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Nitrous  oxide  gas  may  be  employed  advantageously  in  short  opera- 
tions in  very  nervous  patients,  as  in  the  dilatation  of  strictures  of 
the  lacrymal  duct  or  in  the  removal  of  a chalazion. 

Local  Anaesthesia.  For  the  purpose  of  local  anaesthesia  in  opera- 
tions upon  the  eye,  the  hydrochlorate  of  cocaine  is  employed  proba- 
bly more  generally  than  any  other  drug,  although  within  recent  years 
a number  of  new  local  anaesthetics  have  been  introduced,  each  of 
which  has  its  advocates.  The  hydrochlorate  of  cocaine  is  employed 
ordinarily  in  a 2 to  4 per  cent,  solution,  and  even  as  strong  as  10 
per  cent,  by  some  surgeons,  and,  as  it  produces  some  softening  of  the 
corneal  epithelium,  the  eyelids  should  remain  closed  after  its  instilla- 
tion. For  superficial  operations,  one  instillation  usually  suffices,  the 
operation  being  performed  five  minutes  later;  but  in  deeper  opera- 
tions, for  example,  iridectomy,  extraction  of  the  cataractous  lens, 
and  tenotomy,  three  instillations  should  be  employed  at  five-minute 
intervals,  and  the  operation  begun  fifteen  minutes  after  the  first 
instillation  has  been  made.  By  following  this  method,  the  cocaine 
has  sufficient  time  to  reach  the  deeper  structures  of  the  eye,  and 
much  less  pain  will  follow  the  seizure  of  the  iris  or  tendon  than 
otherwise.  Operations  should  be  completed  either  within  twenty 
minutes  from  the  time  of  the  last  instillation,  or  other  instillations 
made  to  prolong  the  effect.  For  the  removal  of  a Meibomian  cyst, 
the  hypodermic  injection  of  a drop  or  two  of  a 2 per  cent,  solution 
in  the  immediate  neighborhood  of  the  cyst  will  render  the  operation 
far  less  painful  than  will  several  instillations. 

Hydrochlorate  of  eucainc  “A”  and  hydrochlorate  of  eucaine  “B” 
are  sometimes  used  as  local  anaesthetics,  although  the  first  is  em- 
ployed by  no  means  so  frequently  as  formerly,  as  the  latter  is  less 
irritating  and  less  toxic.  The  advantages  claimta  for  eucaine  “B” 
are  that  it  is  one-fourth  as  toxic  as  cocaine  does  not  affect  the 
heart,  does  not  produce  mydriasis,  nor  affect  the  accommodation. 
The  disadvantages  are  much  more  congestion  and  bleeding  during 
and  after  operation,  and  frequent  sloughing  of  the  tissues  when  em- 
ployed hypodermically.  For  producing  local  anaesthesia  about  the 
eye,  2 per  cent,  solutions  are  recon  mended. 

Tropacocaine  in  3 per  cent,  solution  is  employed  by  some  surgeons 
(Schweigger,  Silex),  who  claim  more  rapid  anaesthesia  than  with  other 
drugs  of  this  class.  The  effect  also  wears  off  more  quickly. 

Holocaine  is  one  of  the  newest  members  of  this  group,  and  is  used 
in  from  1 to  2 per  cent,  solution.  It  is  claimed  that  it  does  not  affect 
the  corneal  epithelium,  produce  mydriasis,  nor  impair  the  accom- 
modation, and  that  it  produces  anaesthesia  more  quickly  than  cocaine; 
the  anaesthesia,  iiowever,  does  not  last  so  long.  It  is  preferred  to 
cocaine  by  some  surgeons  (Knapp,  Derby)  in  all  operations  in  which 
local  anaesthesia  is  used.  As  it  possesses  some  bactericidal  action 
and  does  not  affect  the  corneal  epithelium,  'it  should  be  given  the 
preference  in  corneal  affections  in  which  local  anaesthesia  is  required, 
and  n the  removal  of  foreign  bodies. 


PREPARATION  FOR  OPERATIONS  UPON  THE  EYE.  681 

Inasmuch  as  most  of  these  solutions,  as  well  as  other  alkaloidal 
solutions  employed  in  the  eye,  present  excellent  media  for  the  growth 
of  various  fungi,  they  should  be  sterilized  thoroughly  before  being 
used  in  operative  procedures.  This  may  be  done  by  boiling  or  by 
preparing  the  solutions  in  some  antiseptic  medium , for  example, 

1 : 5000  mercuric  chloride,  or  1 : 1000  tricresol 
(E.  A.  de  Schweinitz).  The  use  of  a saturated 
solution  of  boric  acid  will  not  prevent  the  growth 
of  fungi,  but  will  prolong  somewhat  the  period 
prior  to  their  appearance.  For  sterilization  by 
boiling,  the  Stroschein  flask  is  very  convenient. 

(Fig.  349.) 

Infiltration  Anaesthesia.  This  method  of  pro- 
ducing local  anaisthesia,  as  suggested  by  Schleich, 
consists  of  the  intracutaneous  injection  of  the 
following  solution: 

Cocainae  hydrochlorat.,  gr.  j. 

Sodi  chloridii,  gr-  j- 

Aquae  destillata,  3j.— M. 

By  means  of  a hypodermic  syringe  a drop  or 

two  of  the  solution  is  injected  into  the  skin,  result- 
ing in  the  production  of  a small  wheal.  Another 
injection  is  then  made  at  the  edge  of  the  first 
wheal  and  the  procedure  repeated  until  the  area  desired  has  become 
anaesthetized.  The  anaesthetic  area,  however,  is  limited  strictly  to 
the  wheals  thus  produced,  and,  on  account  of  the  vascularity  and 
looseness  of  the  tissues  of  the  lids,  the  method  is  of  infrequem  use  in 
ophthalmic  practice. 

POSITION  OF  PATIENT  AND  OPERAI'OR. 

The  position  of  the  patient  during  operation  is  rn  rhaps  more  a 
matter  of  convenience  to  the  surgeon  than  of  Importance  to  the 
patient,  except  in  rare  instances.  In  major  oofarions  most  opera- 
tors prefer  to  have  the  patient  in  a reclining  posture,  preferably  in 
the  same  bed  in  which  he  is  to  remain  during  convalescence;.  others 
employ  an  operating-chair,  the  patient  being  in  a half-sitting  and 
half-reclining  position  during  the  operation.  In  most  operations  it 
is  probably  a matter  of  little  consequence  which  plan  is  adopted, 
but  in  iridectomy  and  in  extraction  of  the  cataractous  lens,  it  has 
always  seemed  to  the  writer  more  convenient  and  less  risky  to  opet- 
ate  upon  the  patient  in  hie  own  bed  if  suitable  illumination  could 
be  obtained.  Ordinarily  the  patient  should  be  reclining  upon  his 
back,  his  head  resting  upon  one  or  two  hard  pillows,  with  the  face 
directed  upward,  his  eyes  being  'slightly  lower  than  the  level  of  the 
forearm  of  the  surgeon  when  it  is  extended  a little  below  the  ion 
zontal,  as  this  ri  the  position  least  tiresome  to  the  operator.  In 
modern  hospitals  the  beds  can  be  moved  on  rubber-tired  trucks 
wherever  dt  sired,  and  the  jar  of  transferring  the  patient  from  the 


Fig.  349. 


Stroschein’s  flask. 
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table  or  chair  to  the  bed  is  thereby  avoided.  Should  a chair  be 
employed,  the  one  recommended  by  Knapp  is  very  satisfactory  (Fig. 
350) ; but  for  minor  operations  in  the  office  an  ordinary  arm-chair  with 


Fig.  350. 


Knapp’s  operating-chair. 


a low  back,  over  which  is  placed  a small  pil- 
low for  the  patient’s  neck  and  head  to  rest 
upon,  will  be  found  to  answer  the  purpose 
fairly  well. 

The  position  of  the  operator  maybe  either 
behind  or  beside  and  somewhat  in  front  of 
the  patient.  If  he  is  ambidextrous,  he  may 
stand  behind  in  all  operations;  if  not,  he 
will  be  obliged  to  stand  behind  in  certain 
operations  upon  the  right  eye,  and  beside 
the  patient  in  the  came  operation  upon  the 
left  eye;  for  example,  in  making  corneal 
sections  in  the  extraction  of  cataract.  If 
he  will  accustom  himself  to  stand  behind 
the  patient  in  as  many  operations  as  pos- 
sible, however,  it  will  be  found  much  more 
Operating  mask  for  practising  on  convenient,  as  he  may  operate  upon  either 
ammais  ejes.  eye  without  shifting  his  position. 

Knapp  has  truly  said  that  ambidexterity  is  not  a gift  of  nature, 
but  must  be  acquired  This  can  be  done  only  by  frequent  practice. 
To  most  of  us  it  is  quite  natural  to  manipulate  the  instruments  with 
one  hand  only;  the  other  must,  therefore,  be  educated.  This  can  best 
be  done  by  practice  upon  the  eyes  of  animals  in  operating  masks  (Fig. 
351),  those  of  the  pig  being  the  best,  as  sufficient  quantity  can  always 
be  obtained.  The  methods  of  practice  have  been  given  elsewhere.1 


1 See  the  writer’s  book,  Ophthalmic  Operations  as  Practised  on  Animals’  Eyes. 
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ILLUMINATION. 

In  most  of  the  operations  upon  the  eye  it  is  imperative  that  the 
illumination  be  of  the  best.  It  matters  not  whether  it  is  ordinary 
daylight  or  artificial  light  from  an  Argand  burner  or  electric  bulb. 
It  should  come  from  the  side  of  the  eye  to  be  operated  upon,  and 
should  be  the  brightest  possible,  barring  direct  sunlight.  That 
obtained  from  a small  space  is  the  most  satisfactory,  as  annoying 
reflections  are  thereby  avoided.  Tf  artificial  light  from  an  Argand 
burner  is  employed,  the  assistant  throws  it  upon  the  eye  by  means 
of  a condensing  lens,  thus  increasing  its  brilliancy;  if  from  an  electric 
bulb,  the  light  should  be  covered  with  a reflector.  The  latter  is  a 
very  convenient  method  of  illumination  in  cases  in  which  the  arti- 


Fig.  352. 


Electric  bulb  with  reflector. 


ficial  light  is  employed,  as  it  may  be  attached  to  any  outlet  from  the 
street  current,  and  with  sufficient  wire  ran  be  carried  to  the  most 
remote  parts  of  the  operating-room.  (Fig.  352.) 

It  is  also  of  great  importance  that  the  vision  of  the  operator  be 
good.  The  eye  is  a very  small  cigan,  and  many  of  the  operations 
require  delicate  manipulation  in  small  spaces,  so  that  good  vision 
and  illumination  are  indisputable.  • Operators  having  refractive 
errors  requiring  correction  for  distinct  near  vision  should  wear 
that  correction  while  operating.  Various  magnifying  glasses 
have  been  suggested  from  time  to  time  by  different  surgeons— 
Jackson,  Berger,  and  others  (Fig.  4,  Chapter  I.)— to  improve  the 
vision  in  operative  work,  even  in  those  who  have  no  refractive 
error,  but  thet-e  have  not  seemed  to  the  writer  to  possess  any 
advantage  o\  jr  the  ordinary  correcting  lenses  in  those  whose  media 
are  perfectly  clear. 


664 


THE  EYE. 


TIME  OF  PERFORMANCE. 

Operations  may  be  performed  at  any  hour  of  the  day  or  night,  or 
at  any  season  of  the  year.  With  proper  illumination,  just  described, 
cases  first  seen  at  night  or  on  very  cloudy  days,  and  requiring  im- 
mediate operative  interference,  need  not  be  postponed.  The  season 
of  the  year  influences  results  in  those  operations  requiring  more  or 
less  prolonged  confinement  in  bed  only  in  so  far  as  it  may  increase 
the  debilitated  condition  of  the  patient.  Obviously,  therefore,  if 
avoidable,  very  stout  persons  should  not  be  operated  upon  in  ex- 
cessively hot  weather,  nor  those  affected  with  nephritic  or  pulmon- 
ary diseases  in  extremely  cold  weather.  In  most  cases  it  is  probably 
better  to  operate,  if  possible,  early  in  the  morning,  while  fresh  and 
before  other  cases  have  been  handled.  In  the  operation  for  cataract, 
however,  it  is  thought  by  some  surgeons  to  be  better  to  operate  in  the 
afternoon,  as  the  few  hours  of  smarting  which  usually  follow  this 
operation  will  be  succeeded  by  a night's  sleep  and  rest,  so  necessary 
for  the  early  union  of  the  corneal  wound. 

AFTER-TREATMENT. 

It  is  manifestly  impossible  to  give  any  hard-and-fast  rules  con- 
cerning the  after-treatment  of  operative  cases  applicable  to  all 
alike.  The  special  requirements  of  the  more  important  operations 
have  been  given  elsewhere  when  the  technique  of  the  operative 
procedures  has  been  described.  In  general,  however,  if  fhere  is 
much  pain  following  an  operation  or  the  patient  is  restless,  an 
anodyne  should  be  administered.  Sleep  and  rest  can  usually  be 
obtained,  if  pain  is  not  present,  by  the  administration  of  15  grains 
of  trional.  If  pain  is  a prominent  symptom,  a hvpo dermic  injection 
of  morphine  may  be  given.  The  patient  should  not  be  permitted  to 
lie  in  one  position  any  longer  than  absolutely  necessary,  especially 
upon  the  back,  for  fear  of  hypostatic  congestion  of  the  lungs.  If 
there  is  any  history  of  hemorrhage  having  followed  a former  opera- 
tion, the  head  of  the  patient  should  be  kept  high  by  means  of  several 
pillows  in  addition  to  elevation  of  t LiS  head  of  the  bed.  Patients 
accustomed  to  the  habitual  use  of  considerable  quantities  of  spirit- 
uous liquors  should  not  have  thfse  entirely  withdrawn,  but  should 
be  served  in  moderation.  In  operations  requiring  the  eyeball  to  be 
opened  or  in  extensive  operative  procedures,  it  is  better  to  keep  the 
patient  on  soft  diet  foi  the  succeeding  twenty-four  to  forty-eight 
hours.  As  a rule,  the  dressings  should  be  changed  daily,  and  the 
eyes  carefully  inspected  and  cleansed  with  warm  boric  acid  lotion  until 
they  are  no  longei  required;  and  eyes  that  have  been  bandaged  for 
some  time  should  gradually  be  accustomed  to  the  light.  If  the  bowels 
do  not  move  of  themselves  in  three  or  four  days,  a laxative  should 
be  administered,  and  in  all  operations  upon  the  bulb  straining  at 
stool  should  carefully  be  guarded  against. 


CHAPTER  XY. 

thf  tfchnique  of  the  pathological  and 
1H  ^bacteriological  examinations 
OF  THE  EYE. 

By  EDWARD  A.  SHUMWAY,  B.S.,  M.D. 

The  study  of  the  pathology  of  the  eye,  in  certain  sections,  has  not 
keDt  pace  with  that  of  general  pathology,  a fact  that  is  due  perhaps 
entire  silence  upon  tins  subject  ot  work.*, ™l  path- 
ology  and  pathological  technique.  In  no  part  of  the  body,  ho 
eve?  are  so  many  different  tissues  intimately  related  in  a small 
space  and  the  additional  interest  which  the  microscopic  study  of 
the  varied  pathological  conditions  brings  to  our  clinical  observations, 
well  repays^ the  efforts  made  to  master  the  technique  that  !S  required. 
An  elaborate  outfit  is  not  necessary.  A good  microscope,  with  a 
immersion  lens,  if  bacteriological  examinations  are  to  be  made,  and 
a Microtome,  for  holding  the  knife  in  making  sections  of  the  embedd  ed 


Fig.  353. 


laboratory  microtome. 


tissue  are  the  first  essentials.  An  expensive  microtome  may  be  dis- 
pensed with.  The  Schanze  model  (Fig.  353),  made  by  the  Rausch 
Lomb  Optical  Company,  is  an  excellent  instrument  Good  secton- 
cutting  depends  more  upon  the  success  in  embedding  and  upon  the 
condition  f ’.he  knife  than  upon  costly  microtomes  The  best  knives 
are  made  by  Walb,  in  Heidelberg,  and  a fairly  heavy  one,  with  a 
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cutting  edge  from  16  to  20  cm.  long,  should  be  selected.  (Fig.  354.) 
Aside  from  these  larger  instruments,  we  need  a pair  of  fine  forceps 
(preferably  curved),  needle-holders,  spatulas  (one  broad  and  one 
narrow),  staining  dishes,  cover-glasses,  slides,  etc.  For  many  sec- 
tions the  ordinary  slide,  1x3  inches,  is  sufficiently  large,  but  for 
sections  of  the  entire  eyeball,  slides  1^x3  inches,  or  the  German  size, 
70  x 35  mm.  (If  x 2f  inches),  may  be  ordered.  Convenient  sizes 
for  cover-glasses  are  18  mm.  square;  21x26  mm.  for  sections  of 


Fig.  354. 


Knife  for  microtome. 


one-half  of  the  eyeball,  and  28  mm.  square  for  the  entire  ball.  Larger 
ones,  28  x 32  mm.,  are  occasionally  useful,  and  when  still  larger  forms 
are  necessary  isinglass  may  be  obtained  in  sheets  and  cut  to  the 
proper  size. 

Obtaining  Material.  Normal  eyes  are  difficult  to  obtain,  but  may 
be  secured  occasionally  in  resections  of  the  upper  jaw,  an  j very  sat- 
isfactory specimens  are  furnished  when  the  eye  is  enucleated  for 
small  malignant  growths  of  the  anterior  part  of  the  eyeball  or  of  the 
optic  nerve.  Many  interesting  conditions  require  enucleation,  and 
pathological  alterations  of  the  conjunctiva  may  be  studied  by  re- 
moving small  bits  of  the  tissue  after  cocaine  anaesthesia.  In  post- 
mortem examinations  the  removal  of  the  eyes  is  rarely  permitted ; 
but  if  the  skull  has  been  opened,  the  posterior  halves  of  the  eyes  may 
be  secured  by  breaking  through  the  rocf  o;  the  orbit,  dissecting  away 
the  fat,  and  carefully  cutting  through  the  sclera  in  the  equatorial 
direction  with  a sharp  pair  of  scissors. 

After  the  material  has  been  obtained,  it  should  be  placed  in  a 
fixing  fluid  as  soon  as  possible,  n order  that  the  fine  changes,  which 
take  place  in  the  nervous  structures  of  the  eye,  may  be  prevented, 
and  the  tissues  preserved  in  approximately  the  same  condition  as  in 
life.  The  exact  time  lor  the  earliest  appearance  of  post-mortem 
changes  in  the  retinal  ganglion  cells  has  not  been  determined  for  the 
human  eye.  Birch -ilirschfeld,  however,  found  decided  changes  in 
rabbits’  eyes  two  hours  after  death,  and  it  is  fair  to  assume  that  if  a 
much  longer  time  has  elapsed,  the  human  eyeball  can  be  of  little 
value  for  a study  of  the  ganglion  cells,  although  it  may  still  be 
useful  in  determining  changes  in  other  less  susceptible  portions. 
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Preparation  of  the  Eyeball.  On  removal  of  the  eye  the  measure- 
ments of  its  diameters  should  be  made,  and  any  peculiarities  in  its 
external  appearance  carefully  noted  The  measu^mente  m^  con- 
veniently be  obtained  by  means  of  an  instrument  like  the  one 
shown  in  Fig.  355,  which  was  designed  for  measuring  mterpupil- 
lary  distances.  They  should  include  the  antero-postenor  diameter 
and  the  vertical  and  horizontal  diameters  at  the  equator  The  side 
of  the  head  from  which  the  eye  was  removed  should  also  be  noted. 
Coptic  nerve  enters  the  eyeball  on  the  nasal  side  of  the  posterior 
pole,  so  that  if  the  long  axis  of  the  cornea  is  held  in  a horizontal 


Fig.  355. 


Instrument  for  obtaining  measurements  of  the  eyeball. 


direction  and  the  optic  nerve  directed  toward  the  imaginary  fellow 
ew  the  problem  of  orientation  later  should  be  a simple  one.  If  tins 
faet  is  not  recorded,  we  must  rely  on  the  appearance  and  insertion  of 
tu  oblinue  muscles  provided  that  they  are  still  present.  The  in- 
erior  S»n  is  more  fleshy,  and  is  attached  farther  a,^ 

tom  the  cornea  than  the  superior.  Both  are  inserted  on  the  turn 
noral  side  of  the  corresponding  rectus  muscle.  Hence,  it  S 

axis  of  the  cornea  is  held  again  in  the  horizontal  plane, , with  the 
Xrior  recSs  up,  the  attachments  of  the  obliques  will  indicate 
the  Temporal  sid^  of  the  eyeball,  and  the  side  from  which  it  was 

removT  The  position  of  any  ulceration  or  opacity  of  the  cornea 

should  be  sketched,  and  the  presence  of  a colob oma  or  otherpc  ' 
liaritv  of  the  iris  noted.  If  an  intra-ocular  tumor  is  suspected,  it 
mav  be  located  by  noticing  a difference  m resistance  to  pressure,  or 
r looking  through  the  pupil  while  the  eye  is  held  before  a bright 
Usht  Ordinarily  sections  are  mad.  of  the  antero-postenor  diam- 
eter of  the  eyeball,  so  that  the  eye  should  be  divided  in  this  direction. 
This,  however,  should  be  done  after  the  fixation  and  hardening, 

order  to  avoid  distortion  of  the  halves.  . . 

Fixation  and  Hardening.  Unless  some  special  exammatmnis  re- 
quired (see  method  for  the  mtinal  ganglion  cells,  page  678  , « m y 
confine  ourselves  to  the  use  of  two  solutions-formalm  and  Muller 

flUMhller’s  fluid  consists  of:  potassium  dichromate,  2.5  gm.;  sodmm 
subhate  l gm  distilled  water,  100  gm.  The  solution  should 
beSrfin  Ponderable  quantity,  and  the  bottom  of  the  ,ar  covered 
with  cotton  so  that  the  fluid  may  have  ready  access  to  all  por- 
tions of  the  eyeball  and  the  eye  not  injured  in  transportation.  It 
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is  unnecessary  to  make  an  opening  in  the  eyeball,  as  the  fluid  pene- 
trates rapidly.  The  specimen  should  be  kept  in  the  dark  to  prevent 
the  formation  of  precipitates,  and  the  fluid  should  be  changed  daily 
until  it  no  longer  becomes  cloudy.  At  the  end  of  six  weeks,  at 
ordinary  room  temperature,  or  after  two  weeks  in  the  incubator 
(37°-40°  C.)  the  eye  should  be  washed  thoroughly  in  running  water  for 
twenty-four  hours,  and  then  hardened  in  gradually  ascending  strengths 
of  alcohol.  Muller's  fluid  is  of  special  value  when  it  is  desirable 
to  employ  the  Weigert  stain  for  the  nerve  sheaths,  and  even  when 
other  methods  for  fixation  are  used,  it  is  well,  if  the  length  of  the 
nerve  permits,  to  cut  off  a piece  and  place  it  in  Muller's  fluid  for  cross- 
sections.  It  is  also  the  best  medium  for  the  examination  of  the  lens, 
as  formalin  causes  this  structure  to  shrink.  Its  disadvantages, 
however,  are  that  it  disturbs  the  chromatin  elements  of  the  cells, 
and  is  not,  therefore,  suitable  for  the  study  of  nuclear  structures  ; 
it,  moreover,  does  not  at  once  check  the  post-mortem  growth  of  or- 
ganisms, and  makes  the  subsequent  staining  for  bacteria,  especially 
for  tubercle  bacilli,  very  difficult. 

Formalin  is  a 40  per  cent,  solution  of  formaldehyde  gas,  and 
should  be  diluted  with  9 parts  of  water  for  ordinary  use.  Stronger 
solutions  are  apt  to  cause  black  precipitates  in  the  sections,  particu- 
larly in  the  presence  of  blood.  The  eyeball  should  not  remain  in  the 
solution  longer  than  forty-eight  hours.  The  penetration  and  fixation 
are  very  rapid,  and  the  sclera  and  lens  soon  become  so  hard  that  they 
are  difficult  to  cut.  Subsequent  washing  with  water  is  desirable,  but 
not  absolutely  necessary,  and  the  globe  is  then  hardened  with  alcohol. 
This  should  be  done  slowly,  in  order  to  avoid  shrinking  of  the  tissues 
and  detachment  of  the  retina  as  far  as  possible.  Beginning  with  a 
33  per  cent,  solution,  the  eye  remains  for  a day  each  in  33,  40,  50,  60, 
70,  and  80  per  cent,  solutions.  It  is  left  in  80  per  cent,  alcohol  for 
several  days,  and  is  then  ready  to  divide. 

Alcohol  should  not  be  used  as  a fixing  agent,  as  for  this  purpose 
it  must  be  of  absolute  strength,  and  the  rapid  withdrawal  of  water 
from  the  tissues,  which  accompanies  the  fixation,  produces  so  much 
shrinking  that  the  eye  is  very  much  distorted.  It  is  of  considerable 
value  it  the  sections  are  to  be  examined  lor  tubercle  bacilli,  or  in  ex- 
amination of  the  retinal  ganglion  cells  by  the  Nissl  method,  but  for- 
malin is  almost  equally  serviceable  in  these  cases.  The  combination 
of  Muller's  fluid  and  formalin  in  the  proportion  of  10  parts  of 
Muller's  fluid  and  1 parr  0f  strong  formalin,  as  suggested  by 
Orth,  is  a very  good  one,  the  swelling  of  the  tissue  caused  by  the  one 
offsets  the  shrinking  produced  by  the  other. 

Cutting  the  Eyebail  If  a part  of  the  eyeball  is  to  be  preserved  as 
a microscopic  specimen,  it  will  usually  be  cut  in  a horizontal  or  ver- 
tical plane,  which  passes  through  the  cornea  and  optic  nerve.  If  an 
intra-ocular  tumor  is  present,  the  eye  should  be  so  divided  as  to  show 
the  connection  of  the  growth  with  the  tissue  from  which  it  has 
sprung  Tumors  of  the  anterior  segment  of  the  eye  can  readily  be 
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seen-  those  of  the  choroid  can  usually  be  located  by  careful  palpa- 
tion ’0f  the  sclera  If  this  precaution  is  not  observed,  the  section  may 
pas®  through  the  cap  of  the  growth  as  it  projects  forward,  and  he 
very  puzzling  picture  be  presented  of  a round  growth  lying  plated 
in  the  centre  of  the  eyeball.  If  the  entire  eye  is  to  be  used  tor  mi 

croscopic  study,  the  best  plan  is  to  make  an  antero-postenor  section 

well  to  one  side  of  the  optic  nerve  and  the  corneal  centre.  In 
subsequent  embedding  process  the  retina  is  apt  to  detach  and  sink 
KbX  level  of  the  sdera,  so  that  if  the  eye  has  been  divided  exactly 
through  the  centre  of  the  nerve  and  cornea,  many  of  the  first  sections 
will  not  include  this  membrane,  and  a portion  of  the  nerve  itself  may 
bo  cut  away  before  the  specimen  is  accurately  levelled  and  g°0(  Sec 
Hons  are  obtained.  The  macroscopic  mounts  may,  however  be  so 
vsduablef for  demonstration  purposes  that  the  division  into  two  halves 
is  unavoidable.  If  the  eyeball  has  been  removed  because  of  an  exu 
dative  inflammation,  and  especially  if  it  is  atrophic,  1 r^>r  e.  cl 
once  without  danger  of  displacement , of  its  A 

nose  a sharp  brain  knife  or  a good  table  knife  should  be  used,  a 
?aZor  is  objectionable,  because  its  finely  honed  edge  is  too  easily 
turned  and  because  the  thick  back  prevents  a smooth  section.  I 
a relatively  normal  eye  the  lens  is  so  easily  displaced  that  the  eye 
ball  should  first  be  frozen.  Cutting  from  the  nerve  forward,  with 
the  cornea  pressed  against  a resisting  surface,  is  less  apt  to  displace 
he  lens  than  cutting  laterally,  but  it  injures  the  epithehum  of  the 
cornea  and  produces  bad  artefacts.  The ^freezing 

moval  of  the  alcohol,  by  immersion  of  the  eye  in  water  for  at  least 
twelve  hours  until  it  sinks  to  the  bottom  of  the  vessel.  I- 
carefully  dried,  wrapped  snugly  in  oiled  silk  or  rubber  tissue,  ,an 
placed  in  the  centre  of  a mass  of  coarsely  broken  ice  and  salt,  in  a 
box  with  a perforated  bottom,  through  which  the  water  from 
melting  ice  may  be  drained.  Ordinarily  one  hour  will  suffice  to 
freeze  the  specimen,  and  it  is  now  cut  quickly,  on  a large  cork  with 

ts; « srfflg 

of  three  ways:  by  drying,  by  mounting  in  fluid,  or  by  embedding 
gelatm.  The  hemisphere  is  passed  again  through  alcohol 

2 Presen:  alitm  in  Fluid.  For  this  purpose  formalin  in  4 per  cent. 
sohition^T 'ury1  useful.  The  eye  is  placed  in  the  solution  imme- 
after  St^g,  and  may  be  conveniently  mounted  m a eup  of 
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the  model  shown  in  Fig.  356.  It  is  held  in  position,  face  downward, 
against  the  flat  surface  of  the  cup  by  means  of  a glass  rod  which 
passes  through  the  rubber  cork.  The  disadvantages  of  the  method 
are  the  impossibility  of  preventing  disturbing  bubbles  of  air  from 
leaking  in,  however  much  care  be  taken  in  the  mounting,  the  danger 
of  subsequent  displacement  of  the  contents  of  the  eyeball,  which  are 
not  firmly  fixed  in  the  fluid,  and  the  distortion  of  the  specimen  by 

the  pressure  of  the  glass  rod,  espe- 
cially if  the  eyeball  is  empty.  The 
last  difficulty  may  be  avoided  by 
cementing  the  eye  to  the  base  of  the 
cup  by  means  of  gelatin.  (Gelatin 
is  allowed  to  swell  in  water  for  several 
hours,  the  water  is  poured  off,  and 
an  equal  volume  of  glycerin  is  added, 
and  the  gelatin  melted  by  heat  and 
filtered.  When  the  eye  is  to  be 
mounted,  the  gelatin  is  melted,  ap- 
plied in  a thin  coat  to  the  cut  surface 
. of  the  eye,  and  the  latter  pressed 

firmly  against  the  bottom  of  the  cup,  which  may  presently  be  filled 
with  the  formalin.)  The  advantages  of  the  method  are  the  ease  in 
mounting,  the  preservation  of  the  natural  color  of  the  specimen,  and 
the  possibility  of  utilizing  the  eye  later  for  microscopic  examination, 
if  necessary. 

A modification  of  Kaiserling’s  method  may  also  be  used  with  the 
same  eye  cups.  The  eyes  are  placed  in  4 percent,  formalin  for 
twenty-four  hours,  and  are  then  cut,  and  the  half  for  the  macro- 
scopic mount  is  wrapped  in  cotton  and  placed  in  so  m ion  A,  com- 
posed of  : sodium  acetate,  3 gm. ; potassium  chloride,  0.5  gm! ; for- 
malin, 10  gm.,  water,  100  gm.  It  remains  in  this  fluid  for  four  days, 
and  is  then  placed  in  95  per  cent,  alcohol,  wh'ch  iestores  the  original 
colors,  and  after  twenty-four  hours  is  changed  to  solution  B,  which 
consists  of:  potassium  acetate,  30  gm  ; glycerin,  60  gm.;’ water, 
100  gm.  After  three  or  four  days  the  eye  is  permanently  mounted 
in  a fresh  solution  of  the  same  formula. 

3.  Preservation  in  Glycerin  Jelly  if  the  eyeball  has  been  hard- 
ened in  Muller’s  fluid,  it  shou'd  bo  washed  thoroughly  in  water  for 
several  days,  and  bleached  in  a 5 per  cent,  solution  of  chloral 
hydrate  until  as  much  of  the  color  is  removed  as  may  be  possible. 
It  is  now  placed  in  a mixture  of  glycerin  and  water— at  first  in 
the  proportion  of  1:  3,  and  then  of  1 : 2,  for  one  day  each,  and  is 
ready  for  embedding  m the  glycerin  jelly.  The  latter  is  made  as 
follows  (the  strength  of  the  gelatin  is  greater  than  that  usually 
recommended)  : *9  grammes  of  a fine  quality  of  gelatin  (Coignet 
& Co.,  Pans,  or  Conte  Fils,  Magdeburg,  Germany)  are  covered  with 
2oU  c.c  of  water  in  an  agateware  vessel,  and  allowed  to  swell.  Heat 
is  careful1/  applied,  and  the  mixture  constantly  stirred  to  prevent 
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Cup  for  the  preservation  of  macroscopic 
sections  in  a solution  of  formalin. 
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burning ; otherwise  the  jelly  will  have  a brownish  color.  After  the 
gelatin  is  dissolved,  the  white  of  an  egg  or  a small  amount  of  pre- 
pared egg  albumin  (Merck)  is  added,  and  the  solution  is  boiled 
vigorously  and  filtered  through  a good  filter-paper  while  hot.  The 
filtrate  should  have  a very  pale  straw  color,  and  be  perfectly  clear. 
To  it  is  added  an  equal  volume  of  glycerin  (C.  P.),  and  10  c.c. 
of  a 10  per  cent,  solution  of  carbolic  acid  for  each  1000  c.c.  ot  the 
mixture,  to  prevent  the  growth  of  bacteria  and  moulds.  The  mount- 
ing jar  is  a plain  cup,  measuring  1|  inches  in  diameter  and  1 inch 
deep  with  a flat,  well-polished  base  and  perpendicular  sides,  it  is 
filled  nearly  to  the  top  with  the  melted  jelly,  and  the  eye  is  immersed 
with  the  cut  surface  up.  All  bubbles  of  air  are  coaxed  out  of  the 
meshes  of  the  tissue  by  means  of  a needle,  and  those  on  the  surface 
of  the  jelly  are  removed  by  touching  them  with  a platinum  loop 
which  has  been  heated  in  a Bunsen  burner.  The  eye  must  then  be 
turned  over  carefully,  so  that  no  bubbles  of  air  are  included,  the 
presence  of  which  may  be  detected  by  holding  the  cup  over  a hand- 
mirror.  If  the  eyeball  is  empty,  this  requires  some  skill ; but  it  it  is 
turned  with  one  needle,  while  a second  one  pushes  in  the  sclera  and 
holds  the  cut  edge  below  the  surface  of  the  jelly,  the  difficulty  wi 
be  slight  The  jelly  should  cover  the  specimen,  but  should  not  till 
the  cup  to  the  top.  The  eye  is  held  in  a central  position  by  means 
of  a pin  which  projects  through  a piece  of  wood  or  card-board  placed 
over  the  top  of  the  cup,  and  the  specimen  is  placed  under  a bell-jar  or 
other  suitable  dish  until  the  jelly  hardens.  After  several  days  the 
open  top  of  the  cup  is  sealed  by  cementing  to  it  a white  porcelain 
disk,  and  the  cup  may  be  mounted  in  a wooden  base.  (Fig.  357  ) Uood 
glycerin  jelly  is  quite  transparent, 
and  fixes  the  eye  firmly,  so  that 
there  is  no  danger  of  subsequent 
displacement  of  the  eye  contents. 

The  one  difficulty  in  temperate  cli- 
mates is  the  melting  of  the.  jelly  in 
very  warm  weather.  This  may 
partly  be  avoided  by  turning  the 
specimen  cups  over  in  summer,  or, 

better  still,  by  exposing  the  mounted 

specimens  to  the  fumes  of  strong  formalin  placed  in  a dish  under 
the  bell-jar  while  the  jelly  is  hardening.  Strong  formalin  added  to 
the  gelatin  in  solution  give-  it  a whitish,  semiopaque  appearance, 
which  hides  the  details  o*  the  eye  but  does  not  have,  this  effect 
when  in  a gaseous  state.  In  forty-eight  hours  the  jelly  is  har.tlened 
to  a depth  of  about  a quarter  of  an  inch,  and  . this  portion  will  not 
melt  even  in  a Bunsen  burner.  If  the  additional  precaution 
taken  to  inver,  the  cups  in  very  warm  weather,  no  difficulty  should 
be  experienced  in  preserving  the  specimen  in  good  condition. 

i Wall  & ' )ehs.  Philadelphia,  have  the  cups,  porcelain  disks,  and  wooden  bases  in  stock. 


Fig.  357 


Base  for  mounting  cup. 
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The  Preparation  of  the  Microscopic  Specimens.  The  half  for  mi- 
croscopic examination  should  be  searched  carefully  for  the  presence 
of  calcareous  or  osseous  deposits,  which  are  not  uncommon  after  a 
long-standing  exudative  inflammation  of  the  choroid  and  in  atrophic 
eyeballs.  Such  deposits  occur  most  frequently  in  the  surface  of  the 
choroid,  and  will  ruin  the  edge  of  the  microtome  knife  unless  re- 
moved. Many  solutions  are  used  for  decalcification.  Muller’s  fluid 
has  this  action,  but  requires  a very  long  time.  Much  more  service- 
able is  a 10  per  cent,  solution  of  trichloracetic  acid,  which  decalcifies 
the  tissue  in  a few  days,  and  does  not  injure  its  staining  qualities. 
The  solution  should  be  changed  daily,  and  the  tissue  thoroughly 
washed  in  water  afterward.  Nitric  acid,  in  3 to  9 per  cent, 
solution  in  water,  or  in  70  per  cent,  alcohol,  and  the  following  solu- 
tion, containing  phloroglucin,  also  give  good  results:  phloroglucin, 
1 gm.;  nitric  acid,  5 gm.;  alcohol,  70  gm.;  water,  30  gm. 

Having  freed  the  specimen  from  chalk  deposits,  it  is  ready  for  em- 
bedding. For  this  purpose  we  must  have  a substance  which  will  in- 
filtrate the  tissue  thoroughly  and  will  also  be  sufficiently  firm  to  prevent 
any  motion  of  the  parts  as  the  knife  is  drawn  across.  The  most 
satisfactory  material  for  the  entire  eyeball  is  celloidin.  Photoxylon, 
which  has  been  recommended  as  of  equal  value  as  celloidin,  is  still 
used  in  Germany,  but  can  no  longer  be  obtained  in  this  country. 
Paraffin  is  very  useful  in  cutting  small  growths,  or  when  very  thin 
sections  are  necessary,  as  of  the  retina,  but  it  does  not  infiltrate  the 
sclera  and  lens  well.  Celloidin  is  soluble  in  equal  parts  of  aicohol 
and  ether.  It  is  usually  furnished  in  this  country  in  tha  form  of 
shavings,  in  one  ounce  quantities  (Schering),  and  is  dissolved  most 
readily  by  covering  it  for  twenty-four  hours  with  absolute  alcohol, 
by  which  it  is  softened.  On  the  addition  of  an  ec  uai  quantity  of 
ether  the  mass  slowly  dissolves.  It  should  be  o*  a thick,  syrupy 
consistency  for  embedding,  and  a thinner  solution,  made  from  the 
stock  solution  by  the  addition  of  more  alcohol  and  ether,  should  also 
be  on  hand.  It  should  be  stored  in  well-stoppered  jars,  and  may  be 
kept  free  from  possible  moisture  by  placing  it,  together  with  the 
jars  containing  the  absolute  alcohol  and  alcohol-ether,  in  a large, 
tightly  covered  jar,  in  which  there  Is  a quantity  of  calcium  chloride 
to  keep  the  air  dry. 

Before  the  eye  is  embedded,  afl  traces  of  water  in  the  tissue  should 
thoroughly  be  removed.  Thl^  is  done  by  carrying  it  again,  after 
thawing,  through  ascending  strengths  of  alcohol  until  absolute  alco- 
hol is  reached.  The  absolute  alcohol  is  kept  best  in  a large  jar,  the 
bottom  of  which  is  covered  with  cupric  sulphate  which  has  been 
thoroughly  dried  by  heat.  The  copper  absorbs  water  very  eagerly, 
and  keeps  the  alcohol  pure  ; it  should  be  covered  by  several  layers 
of  filter-pap^r,  or  the  specimen  should  be  held  above  it  by  means  of 
wire  gauze  netting  suspended  in  the  alcohol.  From  absolute  alcohol, 
after  twenty-four  to  forty-eight  hours,  the  eye  is  transferred  to 
equal  jarts  of  alcohol  and  ether  for  twenty-four  hours,  then  to  thin 
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celloidin,  and  to  thick  celloidin  for  at  least  one  day  each.  The 
celloidin  is  now  allowed  to  harden  very  slowly  in  a glass  dish  at 
least  one  inch  deep,  and  wide  enough  to  leave  considerable  space 
between  the  eye  and  the  side.  All  air  bubbles  are  removed  carefully, 
and  the  dish  is  covered  with  a tumbler  or  similar  vessel,  one  side  of 
which  may  be  raised  slightly  after  twenty-four  hours.  It  is  very 
impoitant  that  the  surface  should  harden  slowly,  otherwise  large 
bubbles  collect  beneath  it.  The  length  of  time  required  for  the 
evaporation  of  the  ether  varies,  but  usually  it  will  take  three  or  four 
days.  The  celloidin  should  be  loosened  occasionally,  by  a needle, 
from  the  wall  of  the  dish,  and  when  it  is  sufficiently  firm  at  the  bot- 
tom to  prevent  the  needle  from  cutting  it  on  slight  pressure,  the 
block  may  be  removed  by  shaking  and  placed  in  80  per  cent,  alco- 
hol. . In  this  it  absorbs  water  and  becomes  firm.  The  best  block  of 
celloidin  should  be  only  slightly  opaque,  and  its  surface  should  not 
be  easily  peeled  off  by  the  finger-nail.  It  may  be  made  still  firmer 
by  adding  glycerin  to  the  alcohol. 

Cutting.  After  twenty-four  hours  in  alcohol  the  block  is  ready 
for  cutting,  and  may  be  mounted  on  a firm  object  which  can  be 
clamped  in  the  microtome.  Blocks  of  pure  white  pine  or  maple 
wood  may  be  used,  and  if  the  block  is  too  large  to  enter  the  object- 
holder  of  the  microtome  a portion  of  the  underpart  may  be  cut 
away,  as  shown  in  Fig.  358.  Vulcanized  fibre,  used  for  insulating 
purposes,  may  be  cut  in  convenient 
sizes,  and  has  the  advantage  of  not 
staining  the  alcohol.  When  the 
block  needed  is  too  large,  a smaller 
piece  may  be  fastened  to  its  under 
surface  by  means  of  brass  screws  or 
a T-shaped  block  may  be  cut  as  des- 
cribed above.  Superfluous  celloidin 
should  be  trimmed  away,  and  a 
good  flat  surface  cut  parallel  to  the 
plane  in  which  the  sections  are  to 
be  made.  The  base  of  the  cel- 
loidin block  is  dried  and  then  im- 
mersed in  alcohol-ether  lor  a half-  ▼-shaped  block  of  wood  to  hold  sections  of 

minute  until  the  celloidin  is  soft-  celloidin  with  embedded  eyeball, 

ened.  Moderately  thick  celloidin  is 

poured  on  the  object-holder,  and  the  specimen  is  mounted  in  it  and 
held  firmly  in  place  for  a few  minutes,  when  the  entire  block  is  put 
back  into  80  per  cent,  alcohol  to  become  firm.  In  cutting,  the  speci- 
men should  be  clamped  very  firmly  in  the  microtome,  and  should  be 
levelled  carefully.  The  knife  should  be  placed  at  as  acute  an  angle 
as  possible,  and  the  Llade  and  object  kept  thoroughly  flushed  with 
80  per  cent,  alcohol.  The  knife  should  be  drawn  slowly  and  evenly , 
without  pressure  of  the  hand  downward.  The  sections  are  held 
flat  on  the  blade  by  means  of  a light  brush  held  in  the  left  hand,  or 
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allowed  to  roll  up,  and  then  unrolled  when  the  section  is  complete. 
The  sections  to  be  stained  at  once  are  placed  in  distilled  water;  the 
remainder  are  put  in  80  per  cent,  alcohol.  If  serial  sections  are  im- 
portant, numbered  circles  cut  out  of  thin  paper  may  be  slipped  be- 
tween each  section  as  it  is  cut,  or  numbered  dishes  may  be  used, 
into  each  of  which  ten  sections  are  put.  If,  then,  certain  changes 
are  found  in  any  particular  location,  they  may  be  followed  in  the 
sections  immediately  preceding  or  succeeding.  The  eyeball  should 
be  cut  entirely  at  one  sitting,  if  possible,  as  an  inexact  levelling  at  a 
subsequent  occasion  may  result  in  the  loss  of  valuable  material.  The 
sections  are  now  ready  to  stain. 

Small  pieces  of  tissue,  such  as  tumors,  portions  of  the  optic  nerve, 
etc.,  may  be  mounted  much  more  quickly.  From  the  fixing  fluid 
they  are  transferred  for  twenty-four  hours  each  into  75  per  cent, 
alcohol,  95  per  cent,  alcohol,  absolute  alcohol,  alcohol-ether,  thin  cel- 
loidin,  thick  celloidin,  and  then  are  mounted  on  a block  of  wood  and 
covered  with  a layer  of  thick  celloidin.  When  this  has  hardened 
slightly  on  the  surface  (after  a few  minutes)  the  blocks  are  placed  in 
80  per  cent,  alcohol  for  at  least  six  hours,  and  the  material  is  ready 
to  cut  with  the  microtome. 

Paraffin  Embedding.  The  tissue  is  hardened  in  the  same  way  as  for 
celloidin,  and  after  twenty-four  hours  in  absolute  alcohol  it  is  placed 
in  a mixture  of  absolute  alcohol  and  chloroform  for  twenty-four 
hours,  then  into  pure  chloroform  for  twenty-four  hours,  chloroform 
saturated  with  paraffin  (warm)  for  twenty-four  hours,  and  then  melted 
paraffin  in  a paraffin  oven.  Paraffin  of  two  melting  points  may  be 
used — the  first  melting  at  42°,  in  which  the  tissue  remains  two 
hours,  and  the  second  at  54°  to  58°,  in  which  it  remains  fm  the  same 
length  of  time.  The  oven  should  be  regulated  by  a thermostat  to 
remain  steadily  at  a temperature  slightly  above  the  higher  melting 
point.  The  chloroform  may  be  replaced  by  o!,  and  for  strips 
of  the  retina  the  process  may  be  much  shorienod  (see  page  678). 
Small  objects  remain  in  xylol  four  hours,  xylol  paraffin  six  hours, 
and  paraffin  up  to  five  hours.  The  tissue  may  then  be  mounted  on 
a block  of  wood  and  covered  with  the  melted  paraffin  by  means  of  a 
warm  spatula,  and  then  thrown  inti  water  to  harden  quickly,  or 
else  placed  in  a shallow  glass  dish  (^he  walls  of  which  have  been 
coated  with  glycerin),  and  ccveied  with  paraffin.  Small  paper 
boxes  may  also  be  made  and  us?d  for  this  purpose.  As  soon  as  the 
surface  of  the  paraffin  has  hardened  slightly  the  entire  dish  or  box 
is  submerged  in  cold  water,  in  order  that  the  paraffin  may  harden 
quickly  and  evenly.  Af*er  the  superfluous  paraffin  has  been  cut 
away,  the  block  is  mounted  on  a piece  of  wood  by  warming  the 
surface  of  the  paraffin,  and  it  is  now  ready  for  cutting.  In  cutting, 
the  knife  is  not  placed  at  so  sharp  an  angle,  and  the  sections  are 
cut  dry.  They  must  be  kept  from  rolling  up  by  means  of  a fine 
camebs-hair  brush,  and  should  be  spread  on  warm  water,  in  which 
they  flatten  out  smoothly.  If  ribbon  sections  are  desired,  the  block 
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of  paraffin  should  be  cut  accurately  quadrilateral,  and  the  knife  placed 
at  right  angles  to  the  microtome.  The  sections  should  be  stained  in  a 
slide,  and  the  paraffin  dissolved  out  before  the  stain  is  applied. 
Many  methods  are  employed  to  fasten  them  to  the  slide  so  that 
they  shall  not  be  floated  away.  The  slides,  in  the  first  place,  should 
be  cleaned  scrupulously  with  alcohol  and  dipped  beneath  the  section, 
so  that  the  latter  may  be  floated  on.  If  there  is  no  hurry,  the  simplest 
means  of  cementing  them  fast  is  to  place  the  slides  on  the  top  of  the 
paraffin  oven  for  twenty-four  hours.  The  paraffin  is  then  dissolved 
by  xylol,  the  xylol  removed  by  absolute  alcohol,  and  the  sections 
are  ready  to  stain.  If  aqueous  stains  are  to  be  used,  the  slides  should 
be  placed  in  80  per  cent,  alcohol,  and  then  in  water.  If  immediate 
staining  is  necessary,  the  sections  may  be  pressed  firmly  to  the  slide 
by  means  of  filter-paper  moistened  with  absolute  alcohol,  the  par- 
affin is  dissolved  with  xylol,  the  xylol  removed  by  absolute  alcohol,, 
and  the  sections  covered  with  a very  thin  solution  of  celloidin.  When 
this  thin  layer  hardens  the  slide  is  placed  in  80  per  cent,  alcohol,  and 
then  in  water.  The.  celloidin  does  not  interfere  with  the  subsequent 
staining,  and  the  sections  remain  in  position. 

Staining  Methods.  Before  microscopic  study  the  sections  should 
be  stained.  For  this  purpose  we  make  use  of  two  types  of  stains: 

1.  Those  which  stain  electively  the  nuclei;  and,  2.  Those  which  stain 
diffusely  the  cell  protoplasm.  Of  the  former,  we  may  confine  our- 
selves practically  to  two — hsematoxylin  and  carmine ; and  of  the  lat- 
ter, eosin,  fuchsin,  and  picric  acid  are  especially  valuable.  Staining, 
in  bulk  rarely  is  used,  and  each  section  should  be  handled  separately. 
After  suitable  staining  the  sections  are  dehydrated  in  alcohol,  cleared 
in  one  of  the  essential  oils,  or  mixture  of  carbolic  acid  and  xylol  and 
mounted  permanently  in  Canada  balsam.  Staining  with  hematoxylin 
and  counterstaining  with  eosin  may  be  described  briefly  as  follows: 

1.  The  sections  are  placed  in  water  to  remove  the  ilcohol,  and 
then  into  Delafield’s  hsematoxylin.  A well-ripened  .solution  is  added 
to  filtered  tap-water  until  a layer  one  half  an  inch  deep  can  just  be 
seen  through.  In  this  they  remain  three  to  five  minutes,  until  suffi- 
ciently stained  (the  celloidin  should  be  colored  light  blue).  If,  on 
removal  to  tap-water,  the  stain  is  not  sufficiently  deep,  replace  in  the 
staining  solution.  It  is  better  to  overstain  than  to  understain. 

2.  Wash  thoroughly  in  filtered  tap-water,  to  which  a drop  or  two- 
of  ammonia  water  may  be  added,  if  io  is  not  sufficiently  alkaline  to 
give  the  sections  a deep-blue  color  If  the  sections  are  overstained, 
they  may  be  placed  in  a 0 6 per  cent,  solution  of  hydrochloric  acid 
in  70  per  cent,  alcohol  a moment,  until  the  celloidin  loses  most  of 
its  color.  Then  wash  thoroughly  with  alkaline  tap-water. 

3.  Distilled  wate*\ 

4.  Thin  alcohohc  solution  of  eosin,  one  minute. 

5.  95  per  cent,  alcohol,  to  remove  excess  of  eosin  and  to  dehy- 
drate. Carefully  straighten  out  the  sections  on  the  spatula,  and 
float  them  on  the  surface  of 
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6.  Carbol-xylol  (xylol  3,  carbolic  acid  crystals  1),  where  they 
should  spread  out  smoothly.  Here  all  remaining  traces  of  water 
are  removed,  and  the  sections  should  show  no  white  patches  in  the 
tissue  when  held  over  a dark  surface. 

7.  Transfer  the  section  by  means  of  the  spatula  to  the  slide, 
smooth  it  out,  and  press  it  firmly  to  the  slide  with  a fine  filter-paper 
folded  in  six  to  eight  thicknesses.  A drop  of  xylol  balsam  is  dropped 
on  and  a cover-glass  carefully  lowered  upon  it.  All  air  bubbles 
should  be  removed  by  gentle  pressure  with  the  needle,  and  the  sec- 
tion is  permanently  mounted.  Too  much  balsam  is  preferable  to  too 
little,  as  the  specimen  may  be  spoiled  later  by  the  appearance  of  air 
bubbles  as  the  balsam  dries. 

Instead  of  carbol-xylol,  oil  of  bergamot,  origanum,  or  cajeput  may 
be  used  for  clearing,  but  the  section  should  be  passed  through  abso- 
lute alcohol,  and  more  skilful  handling  is  required,  as  too  long  action 
of  the  absolute  alcohol  softens  the  celloidin. 

Van  Gieson’s  Method.  1.  The  sections  are  stained  with  hema- 
toxylin, as  before,  and  should  be  overstained.  No  differentiation 
with  acid  is  required. 

2.  Water. 

3.  Van  Gieson’s  solution  (concentrated  aqueous  solution  of  picric 
acid,  to  which  acid  fuchsin  is  added  until  a red  color  of  the  desired 
depth  is  obtained),  thirty  seconds. 

4.  Water,  for  a moment. 

5.  95  per  cent,  alcohol  to  dehydrate. 

6.  Absolute  alcohol. 

7.  Xylol. 

8.  Balsam. 

The  nuclei  are  stained  brownish  red,  the  other  substances  deep  red 
to  yellow.  Axis-cylinders  are  red,  and  the  nerve  sheaths  yellow. 
Muscle  tissue  is  yellow,  while  connective-tissvie  fibres  are  red. 

Paraffin  sections  are  stained  in  the  same  way,  except  that  they 
are  stained  on  the  slides,  and  the  staining  usually  requires  a longer 
time.  Staining  dishes  with  arrangements  for  holding  the  slides 
apart  are  great  time-savers,  as  a number  of  slides  may  be  handled 
at  the  same  time. 

Carmine  Stains.  These  are  especially  valuable  when  the  sections 
are  to  be  stained  for  micro-  organisms  or  fibrin,  or  when  the  reaction 
for  iron  is  to  be  applied.  A number  of  formulas  are  used,  but  the 
two  following  methods  will  suffice  : 

1.  Lithium  carmine  (2.5  gr.  of  carmine  are  dissolved  in  100  c.c.  of 
a cold  saturated  solution  of  lithium  carbonate).  Stain  for  ten  min- 
utes. Differentiate  in  acid  alcohol  (1  per  cent.  sol.  of  HC1  in  70 
per  cent,  alcohol)  for  fifteen  minutes,  wash  in  water,  dehydrate  in 
alcohol,  xylol,  balsam. 

2.  Bo^ux  carmine  (carmine  5 gm.  and  borax  2 gm.,  are  dissolved 
in  100 c.c.  of  water,  the  solution  is  boiled,  and  5 c.c.  of  a 0.5  percent, 
solution  of  acetic  acid  is  added;  filter  after  twenty-four  hours). 
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Stain  for  fifteen  minutes,  wash  in  water,  differentiate  in  acid  alcohol 
fifteen  minutes,  wash  in  water,  alcohol,  xylol,  balsam. 

Double  stains  with  carmine  may  be  obtained  by  adding  to  1 
part  of  the  lithium  carmine  solution  2 parts  of  a saturated  picric 
acid  solution.  The  nuclei  will  be  stained  red  and  the  remaining 
protoplasm  yellow. 

Special  Staining  Methods.  I.  Weigert’s  Stain  for  Nerve  Sheaths. 

1.  Fix  in  Midler’s  solution,  and  harden  subsequently  in  alcohol, 
without  washing  the  tissue. 

2.  Embed  in  celloidin.  Eighty  per  cent,  alcohol,  several  hours. 

3.  Saturated  solution  of  neutral  acetate  of  copper,  diluted  one- 
half,  in  the  incubator  at  35°  C.,  twenty-four  hours. 

4.  Wash.  Place  in  70  per  cent,  alcohol  six  to  twelve  hours.  Cut. 

5.  Stain  in  Weigert’s  alcohol  hematoxylin  (1  gm.  of  hematoxy- 
lin is  added  to  10  c.c.  of  absolute  alcohol  and  100  c.c.  of  water,  and 
the  solution  boiled;  add  to  this  solution  a saturated  solution  of 
lithium  carbonate  in  the  proportion  of  1 : 100  at  the  time  of  using) . 
The  stain  should  be  used  cold,  and  may  be  allowed  to  act  twelve 
to  twenty-fours,  the  sections  staining  an  intense  black. 

6.  Wash  thoroughly  in  water. 

7.  Differentiate  in  a solution  composed  of:  borax,  2;  potassium 
ferricyanide,  2.5;  water,  100. 

The  normal  nerve  sheaths  retain  the  black  color,  while  the  degen- 
erated fibres  and  the  remaining  tissue  become  light  brown.  If  the  dif 
ferentiation  proceeds  too  rapidly,  the  solution  should  be  diluted.  The 
process  should  be  interrupted  from  time  to  time  and  the  sections 
examined  under  the  microscope,  as  the  optic  nerve  fibres  are  ex- 
ceedingly fine  in  calibre  and  are  decolorized  much  more  quickly  than 
those  of  the  central  nervous  system.  The  right  time  'or  interrupting 
it  may  be  judged  by  watching  the  ciliary  nerves,  which  often  are  in- 
cluded in  the  section. 

8.  Wash  thoroughly  in  water  until  all  traces  of  the  differentiating 
solution  are  removed,  dehydrate  in  alcohol,  ci  rt  ol-xylol,  balsam. 

This  method  is  readily  applied  if  the  optic  nerve  has  been  cut  far 
enough  back  of  the  eye  to  allow  the  removal  of  a piece  for  special 
examination.  Good  results  may  also  be  obtained  without  coppering 
the  pieces  if  the  sections  in  celloidin  arc  placed  for  twenty-four  hours 
in  0.5  per  cent,  solution  of  chron  ic  acid  in  the  incubator.  They  are 
then  stained  and  differentiated  as  before,  but  should  be  watched 
carefully.  The  fibres  will  bj  stained  bluish  black  rather  than  dead 
black.  This  method  is  applicable  to  the  sections  of  the  eyeball,  pro- 
vided that  the  eye  has  been  hardened  in  Muller’s  fluid.  Sections 
fixed  in  formalin  alone  will  not  give  certain  results,  even  if  they  are 
treated  with  the  chromic  acid  solution,  and  if  the  examination  of  the 
nerve  fibres  is  of  importance,  Muller’s  fluid  should  always  be  used  for 
fixing.  Where  this  would  interfere  with  an  examination  of  the  retina, 
a small  strip  may  be  removed  as  described  in  speaking  of  the  methods 
or  studying  che  ganglion  cells. 
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II.  Marches  Method.  1.  Fix  small  pieces  of  the  optic  nerve  in 
Muller’s  fluid,  eight  days. 

2.  Freshly  prepared  mixture  of  Muller’s  fluid  and  1 per  cent, 
osmic  acid  solution  in  equal  parts.  Six  to  twelve  days. 

3.  Wash  in  running  water.  Twenty-four  hours. 

4.  Alcohol,  celloidin.  Cut.  The  sections  are  dehydrated  in  alco- 
hol, cleared  in  carbol-xylol,  and  mounted  in  Canada  balsam.  The 
degenerated  nerve  fibres  appear  as  fine  black  dots  arranged  in  chains ; 
fat  tissue  around  the  nerve  is  also  stained  black.  All  else  is  light 
yellow,  often  with  a greenish  tinge.  The  sections  may  also  be  stained 
with  carmine,  Van  Gieson’s  fluid,  etc.  If  permanent  preparations  are 
desired,  the  sections  should  not  be  covered  with  a cover-glass,  other- 
wise the  black  color  is  apt  to  fade  quickly.  On  the  cut  surface  of 
the  nerve  there  is  always  a deposit  of  black  dots,  but  they  do  not 
extend  far  into  the  substance  of  the  nerve. 

III.  Ganglion  Cells  of  the  Retina.  The  study  of  the  ganglion 
cells  of  the  retina  has  become  of  great  importance,  especially  in  con- 
nection with  various  intoxications.  Sections  made  through  the  eye- 
ball, in  celloidin,  are  usually  too  thick  for  this  purpose,  and  small 
strips  of  the  retina  may  be  cut  out  with  a sharp  pair  of  scissors 
when  the  eye  is  cut  in  half.  If  Muller’s  fluid  is  to  be  used,  a *cut 
should  be  made  with  a sharp  instrument  through  sclera,  choroid,  and 
retina  immediately  after  enucleation,  the  retina  carefully  lifted  from 
the  underlying  choroid,  and  a strip  excised.  It  may  be  placed  in  20 
per  cent,  formalin,  or  in  96  per  cent,  alcohol  for  twenty-four  hours, 
then  into  absolute  alcohol  one  hour,  xylol  for  one  hour,  xylol  par- 
affin (concentrated  solution  of  paraffin  in  warm  xylol)  cue  hour,  and, 
finally,  for  fifteen  minutes  each  in  soft  and  hard  paraffin.  The  sec- 
tions should  be  from  2 to  6 fj.  thick. 

a.  Staining  with  Thionin.  1.  10  per  cent,  aqueous  solution  of 
thionin  ten  minutes. 

2.  Wash  rapidly  in  water. 

3.  Differentiate  in  96  per  cent,  alcohol  (watch  under  the  microscope). 

4.  Absolute  alcohol,  xylol,  balsam. 

The  sections  may  also  be  stained  with  a concentrated  aqueous 
solution  of  thionin,  and  subsequently  differentiated  with  aniline  oil, 
1 gm.;  absolute  alcohol,  9 gm,;  cleared  with  xylol,  and  mounted  in 
balsam.  The  Nissl  bodies  in  the  protoplasm  surrounding  the  nucleus 
of  the  ganglion  cell  are  stained  deep  blue,  the  nuclei  a paler  blue. 
Contrast-stains  with  eosiu  ur  erythrosin  may  be  used,  but  are  apt  to 
blur  the  finer  details. 

b . Staining  with  T %uidine-blue  (Hoyer  and  V.  Lenhossek). 

1.  Fix  in  concentrated  corrosive  sublimate  solution,  twenty-four 
hours. 

2.  Harden  ir.  alcohol. 

3.  Embed  in  paraffin  (using  chloroform  as  a solvent). 

4.  Cut.  Mount  with  distilled  water.  Extract  paraffin  with  xyol 
and  iodine-alcohol  (solution  of  iodine  in  absolute  alcohol). 
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5.  Stain  with  concentrated  aqueous  solution  of  toluidine-blue 
several  hours. 

6.  Differentiate  in  aniline-alcohol.  Counterstain  with  alcoholic 
eosin  solution  (or  erythrosin) 

7.  Rapidly  dehydrate  in  absolute  alcohol,  xylol,  balsam. 

The  stains  are  not  usually  permanent. 

IV.  Stain  for  Neuroglia.  The  determination  of  the  condition  of 
the  neuroglia  may  be  of  value  in  the  study  of  the  optic  nerve. 
Weigert’s  method  is  a long  and  rather  difficult  one,  and  good  results 
may  be  obtained  by  either  of  Mallory’s  methods,  especially  when  the 
neuroglia  is  pathologically  increased.  The  first  method  is  as  follows: 

1.  Fix  in  formalin  (10  per  cent.)  four  days. 

2.  Concentrated  aqueous  solution  of  picric  acid,  four  to  eight  days. 

3.  5 per  cent,  solution  of  ammonium  bichromate.  Four  to  six 
days  in  the  incubator  at  37°.  Change  the  solution  on  the  second  day. 

4.  Alcohol. 

5.  Celloidin. 

6.  Stain  by  Weigert’s  fibrin  method  (see  below). 

7.  Differentiate  with  aniline  oil  and  xylol  (of  each,  equal  parts), 
xylol,  balsam.  As  contrast-stain,  fuchsin  may  be  added  to  the 
aniline  oil. 

The  second  method  is  said  to  be  especially  suited  for  demonstrat- 
ing the  neuroglia  in  glioma  of  the  retina.  The  tissue  is  treated  as  in 
the  first  method  until  the  celloidin  sections  are  cut.  They  are  then 
placed  in 

1.  0.5  per  cent,  aqueous  solution  of  potassium  permanganate 
twenty-five  to  thirty  minutes. 

2.  Wash  in  water. 

3.  1 per  cent,  aqueous  solution  of  oxalic  acid  fifteen  to  thirty  min- 
utes. 

4.  Wash  in  two  or  three  changes  of  water. 

5.  Stain  in  phosphotungstic  acid  haematoxylin  one  to  three  days. 
The  formula  of  this  is:  haematoxylin.  0.1  gm.;  water,  80  gm.; 
phosphotungstic  acid  (Merck),  20  gm.;  peroxide  of  hydrogen,  0.2  gm. 
Dissolve  the  haematoxylin  in  a little  water,  by  aid  of  heat,  and 
add  it,  after  cooling,  to  the  rest  of  the  solution. 

6.  Wash  quickly  in  water. 

7.  Dehydrate  in  95  per  cent,  alcohol. 

8.  Oleum  origani  cretici. 

9.  Xylol  balsam. 

The  nuclei,  neuroglia  fi  ores,  and  fibrin  stain  blue,,  axis-cylinders 
and  ganglion  cells  pale  pink,  connective  tissue  deep  pink.  The  blue 
color  is  slightly  sensitive  to  light,  and  is  apt  to  fade  to  pink  after 
prolonged  exposure.  If  a permanent  isolated  stain  of  the  neuroglia 
fibres  is  desired  transfer  the  sections  (after  staining  in  the  phospho- 
tungstic acid  naematoxylin  and  washing  in  water)  to  a 30  per  cent, 
alcoholic  solution  of  ferric  chloride  for  five  to  twenty  minutes,  then 
wash  iu  water,  and  dehydrate  as  before.  The  nuclei,  neuroglia  fibres, 
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and  fibrin  stand  out  sharply  of  a clear  blue  color.  Everything  else 
is  decolorized,  or  appears  of  a pale  yellowish  or  grayish  tint. 

Staining  for  Bacteria  in  Sections.  For  this  purpose  the  sections 
should  be  as  thin  as  possible,  and  the  eyeball  should  not  be  cut  as  a 
whole,  but  divided  after  embedding  in  celloidin.  With  other  tissues 
paraffin  should  be  used  as  the  embedding  substance.  The  use  of 
Muller’s  fluid  for  fixation  makes  the  search  very  difficult,  as  the  or- 
ganisms do  not  stain  well.  If,  however,  the  sections  are  placed  for 
several  hours  in  a 5 per  cent,  solution  of  oxalic  acid,  satisfactory 
results  may  be  obtained. 

Staining  Methods.  I.  Methylene-blue.  1.  Stain  in  Loeffler’s  al- 
kaline methylene-blue  ten  minutes  (concentrated  alcoholic  methylene- 
blue  solution  30  gm. ; caustic  potash  solution  (1: 10,000),  100  gm.). 

2.  Wash  in  water. 

3.  Differentiate  in  0.5  per  cent,  acetic  acid  one  to  three  seconds. 

4.  Water. 

5.  95  per  cent,  alcohol,  absolute  alcohol,  bergamot  oil,  and  xylol 
balsam. 

The  organisms  and  cell  nuclei  are  stained  blue.  If  the  bacteria 
retain  their  color  by  the  Gram  method,  this  may  be  employed.  It  is 
a valuable  stain,  as  it  reveals  the  presence  of  fibrin  at  the  same 
time. 

II.  Gram-Weigert  Method.  1.  The  sections  maybe  stained  first 
with  lithium  carmine  (see  page  676)  for  contrast.  After  washing  in 
water  the  sections  should  be  spread  out  carefully  on  a well-cleaned 
slide,  so  that  no  wrinkles  appear,  and  pressed  firmly  to  the  H’ass  by 
filter-paper  in  layers.  The  stain  should  be  freshly  prepared,  and 
may  be  made  by  shaking  0.5  c.c.  of  transparent  aniline  oil,  with  5 c.c. 
of  water  in  a test-tube,  and  filtering  through  a fine  filter-paper 
moistened  with  water.  To  this  is  added  a filtered,  concentrated  al- 
coholic solution  of  gentian  or  methyl-violet,  in  the  proportion  of 
1 : 10.  Stain  for  three  to  five  minutes,  pour  off  tne  solution,  and  dry 
the  sections  carefully  with  the  filter-paper. 

2.  Lugol’s  solution  (iodine,  1 gm.;  potassium  iodide,  2 gm. ; water 
100  gm.),  two  minutes.  Dry  thoroughly. 

3.  Differentiate  with  aniline  oil-xj  iol  (2  : 1)  until  no  further  color 
is  given  off. 

4.  Remove  aniline  oil  thoroughly  with  xylol. 

5.  Xylol  balsam. 

The  organisms  and  the  fibrin  will  be  stained  a deep  violet;  certain 
hyaline  substances,  horny  cells,  karyokinetic  figures,  and  mucus  are 
also  stained  by  the  method.  The  other  nuclei  should  be  stained  red 
by  the  carmine.  Paraffin  sections  are  stained  in  the  same  way,  but 
the  drying  should  be  done  very  carefully. 

III.  Staining  of  Tubercle  Bacillus  in  Tissue.  1.  Stain  in  Ziehl’s 
carbol-fuchsin  solution  for  two  hours  in  the  incubator,  or  in  cold 
solution  for  twenty-four  hours.  (Fuchsin,  1 gm.;  absolute  alcohol, 
10  gm.;  6 per  cent,  carbolic  acid  solution,  100  gm.) 
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2.  Wash  in  water. 

3.  15  per  cent,  solution  of  nitric  acid  for  a few  seconds.  The  sec- 
tion turns  brown. 

4.  Wash  thoroughly  in  water. 

5.  95  per  cent,  alcohol  until  the  section  is  rose  red. 

6.  Water. 

7.  Aqueous  solution  of  methylene-blue,  one-half  minute. 

8.  Water. 

9.  Dehydrate  in  alcohol. 

10.  Oil  of  bergamot.  Balsam.  (Carbol-xylol  should  never  be  used 
for  clearing  tissue  stained  in  an  aniline  dye.) 

The  methods  of  staining  which  have  been  given  include  the  most 
important  that  are  used  for  the  determination  of  pathological  changes. 

A description  of  special  methods  for  histological  structure,  such  as 
the  Golgi  methods  for  the  retina,  Ehrlich’s  methylene-blue  stain  for 
living  tissue,  silver  and  gold  methods  for  the  cornea,  etc.,  would 
exceed  the  limits  of  the  present  article,  and  the  student  who  desires 
to  pursue  advanced  researches  on  such  lines  is  referred  to  special 
books  on  technique.1 

Bacteriological  Examinations.  Descriptions  of  the  Organisms  that 
are  Most  Frequently  Found  in  Diseases  of  the  Conjunctiva  and  Cor- 
nea. Bacteriological  studies  are  of  value  only  in  the  acute  stages  of 
corneal  and  conjunctival  inflammations.  The  cover-slip  examination 
may  then  be  conclusive,  by  reason  of  the  large  numbers  of  the  organ- 
ism which  are  present.  Later  the  specific  organism  may  be  crowded 
out  by  ordinary  saprophytic  germs,  which  are  readily  introduced  nto 
the  open  conjunctival  sac.  Cultivation  of  the  organism  is,  'u  many 
cases,  very  important,  but  this  is  very  difficult  with  some  of  the  special 
forms,  as  they  are  readily  masked  by  others  which  are  accidentally 
present.  If  possible,  where  the  discharge  is  abundant,  the  eye  should 
be  washed  out  and  the  patient  allowed  to  wait  ten  or  fifteen  minutes. 
A portion  of  the  reaccumulated  discharge  is  the  i picked  up  by  means 
of  a sterile  platinum  loop,  and  smeared  on  the  surface  of  a carefully 
cleaned  cover-glass  or  slide.  After  drying  in  the  air,  the  smear  is 
passed  three  times  through  the  flame  of  a Bunsen  burner,  and  then 
stained  with  solution  of  an  aniline;  d/n.  Loeffler’s  alkaline  methy- 
lene-blue  (page  680)  is  one  of  the  most  useful.  It  stains  deeply  in 
five  to  ten  minutes.  The  cover -g’ ass  is  then  washed  in  water,  dried, 
mounted  in  Canada  balsam,  and  examined  with  a one-twelfth  oil- 
immersion  lens.  The  appearance  of  several  of  the  special  conjunctiva 
organisms,  notably  the  Koch-Weeks  bacillus,  and  the  diplobacillus 
of  Morax-Axenfeld,  is  sufficiently  characteristic  to  allow  a positive 
diagnosis  by  means  of  tne  cover-glass  examination.  A second  smear 
should  be  stained  by  the  Gram-Weigert  method,  as  follows: 

i Two  excellent,  n on , graphs  have  recently  appeared  in  German  : “Anleitung  zur  mikroskopischen 
Untersuchung.  Ks  Auges,”  by  Professor  R.  Greeflf,  and  “ Die  mikroskopischen  Unterauchungsmeth- 
oden  des  Ar.g<  s,’  oy  S.  Seligmann,  the  latter  of  which  contains  these  and  other  special  methods  in 
detail 


682 


THE  EYE. 


1.  Aniline  water,  gentian-violet  solution  (page  680),  three  to  five 
minutes. 

2.  LugoFs  solution,  two  minutes. 

3.  95  per  cent,  alcohol  until  no  further  stain  is  removed. 

4.  Water. 

5.  Counterstain  with  aqueous  fuchsin  not  longer  than  twenty  to 
thirty  seconds.  Certain  of  the  organisms  retain  the  deep  violet  color, 
and  are  termed  positive;  others  lose  the  stain  and  are  colored  red  by 
the  fuchsin,  and  are  termed  negative  organisms. 

If  the  cover-slip  examination  is  not  conclusive,  cultures  should  be 
made.  For  this  purpose  coagulated  blood  serum,  glycerin  agar, 
and  weak  agar  are  especially  adapted.  Great  care  should  be  taken 
to  prevent  contamination  by  other  organisms  which  are  present 
along  the  lid  margins,  and,  as  in  the  cover-slip  examination,  the  eye 
should  first  be  washed  out  with  distilled  water  and  the  discharge 
allowed  to  reaccumulate.  A small  portion  is  then  picked  up  by  a 
platinum  loop,  and  the  surfaces  of  several  slant-tube  cultures  or 
Petri  dishes  are  inoculated.  Two  days'  growth  in  the  incubator 
(37°  to  39°).  will  usually  show  the  presence  of  characteristic  colonies. 

In  obtaining  material  from  the  cornea  the  eyes  should  be  washed 
out  with  sterile  water,  a sterilized  cocaine  solution  instilled,  and 
while  the  eyelids  are  carefully  held  away  from  the  cornea  a portion 
of  the  material  in  the  bed  of  the  ulcer  is  removed  by  means  of  a 
pointed,  sterilized  lance,  and  transferred  to  the  media.  For  the  de- 
tails of  this  work  and  those  of  animal  inoculation,  text-hcoks  on 
bacteriological  technique  should  be  consulted.  The  most  important 
organisms  which  are  pathogenic  for  the  human  conjunctiva  are  as 
follows: 

1.  The  Koch-Weeks  bacillus. 

2.  The  gonococcus  of  Neisser. 

3.  The  diplobacillus  of  Morax-Axenfeld. 

4.  The  diplococcus  lanceolatus  of  Fraenkel-Weichselbaum. 

5.  The  Klebs-Loeffler  diphtheria  bacillus. 

6.  Staphylococcus  pyogenes. 

7.  Streptococcus  pyogenes. 

8.  The  diplococcus  of  acute  follicular  catarrh  (pseudogonococcus). 

The  first  three  are  unconditionally  pathogenic  for  the  conjunctiva  j 

that  is,  they  are  not  present  in  the  normal  conjunctiva,  and  when  in- 
troduced produce  a specific  and  contagious  inflammation.  The  others 
may  be  found  on  the  normal  conjunctiva,  and  produce  inflammation 
only  under  certain  conditions  of  virulence,  lowered  vitalitv  of  the 
individual,  or  local  lesion  of  the  conjunctiva,  such  as  chronic  inflam- 
mation or  injury  oi  the  surface.  Besides  these  organisms  many 
others,  for  example,  bacterium  coli,  bacillus  of  rhinoscleroma,  Fried- 
lander  s pneum  abacillus,  the  oztena  bacillus  and  certain  of  the 
higher  fungi  (actinomyces  and  aspergillus)  have  been  found  in  iso- 
lateu  cases.  The  tubercle  and  lepra  bacilli  are  present  in  the  nodu- 
lar or  ulcerative  lesions  of  the  external  coats  of  the  eye,  and  may 
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be  detected  in  a histological  examination  of  the  tissue,  but  do  not 
eause  a conjunctival  catarrh  in  the  ordinary  sense  of  the  term.  The 
so-called  xerosis  bacillus  is  also  a frequent  occupant  of  the  conjunc- 
tival sac  both  in  health  and  in  disease,  but  cannot  be  said  to  be 
pathogenic. 

1.  The  Koch-Weeks  bacillus,  described  first  by  Koch  in  Egypt, 
more  thoroughly  studied  by  Weeks  in  New  York,  and  later  by  Morax 
in  Paris,  and  Muller  in  Vienna.  It  is  the  cause  of  acute  contagious 
conjunctivitis  in  a varying  proportion  of  epidemic  cases,  depending 
upon  the  locality.  It  is  a very  small,  rod-shaped  organism,  resem- 
bling the  bacillus  of  mouse  septicaemia,  found  in  large  numbers  both 
within  and  between  the  cells  of  the  discharge.  Stains  readily  with 
methylene-blue  or  gentian- violet ; negative  to  Gram.  Usually  found 
mixed  with  the  xerosis  bacillus,  from  which  it  is  difficult  to  separate 
in  cultures.  Culture  difficult;  best  on  0.5  per  cent,  agar  (Weeks), 
as  small  punctate,  transparent  colonies.  According  to  Muller,  it  grows 
•on  human  serum  agar;  only,  however,  in  presence  of  a certain  sapro- 
phyte. Unconditionally  pathogenic  for  the  human  conjunctiva. 

2.  The  Gonococcus  (Neisser)  occurs  usually  in  the  form  of  a diplo- 
coccus,  the  edges  in  contact  being  slightly  concave,  so  that  the  indi- 
viduals are  shaped  like  a coffee-bean.  The  organisms  are  arranged 
usually  in  small,  irregular  groups  on  and  in  the  cells.  Stains  readily 
with  methylene-blue;  negative  to  Gram.  Cultivation  is  difficult; 
best  on  serum  covered  with  human  blood.  Produces  severe  purulent 
ophthalmia,  and  is  the  most  frequent  cause  of  ophthalmia  neona- 
torum. Unconditionally  pathogenic. 

3.  Diplobacillus  of  Morax- Axenfeld.  Large  bacillus,  measuring  on 
an  average  2 / 1 long  and  1 p broad,  with  rounded  extremit  es,  occurs 
chiefly  in  pairs,  occasionally  in  chains,  usually  free  :n  tne  secretion 
in  large  numbers.  Stains  readily  with  aniline  dyes;  negative  to  Gram. 
Easily  distinguished  from  Koch-Weeks  bacillus  by  its  size.  Growth 
abundant  in  blood  serum  in  the  form  of  small  cransparent  colonies, 
which  gradually  sink  below  the  surface  bee^nec  of  their  liquefaction 
of  the  serum.  Unconditionally  pathogemc  tor  man,  producing  a sub- 
acute catarrh,  which  yields  quickly  tc  solutions  of  zinc. 

4.  Diplococcus  Lanceolatus  (Pneum  ocov  cus)  of  Fraenkel-Weichselbaum. 
•Occurs  in  pairs,  the  individuals  being  slightly  oval,  with  pointed 
outer  extremities;  occasionally  is  mund  in  short  chains.  Each  pair 
may  be  surrounded  by  a definite  capsule,  which,  however,  is  often 
absent  on  the  conjunctiva.  Stains  readily  with  aniline  dyes,  and  is 
positive  to  Gram.  Grows  best  in  glycerin-agar  (the  media  should  be 
slightly  alkaline),  as  delicate  transparent  colonies,  resembling  dew- 
drops.  Found  in  the  normal  conjunctiva,  but  may  be  the  cause  of 
acute  contagious  conjunctivitis,  usually  of  a mild  type,  with  moderate 
secretion  and  much  fibrin.  It  is  also  the  cause  of  a certain  propor- 
tion of  case?  of  ophthalmia  neonatorum,  and  is  the  specific  organism 
for  a large  percentage  of  cases  of  ulcus  cornese  serpens.  Occasion- 
ally it  is  the  cause  of  panophthalmitis. 
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5 Klebs-Loeffler  Diphtheria  Bacillus.  The  diphtheria  bacillus  is  ex- 
ceedingly  variable  in  form,  sometimes  appearing  as  straight  or 
s hghtly  curved  rods,  with  pointed  ends;  at  other  times  spindle  and 
c ub  shapes  occur  m which  segments  less  deeply  stained  appear.  On 
cultures  the  morphology  is  even  more  irregular.  It  stains  best  with 
Loeffler  s methylene-blue;  grows  readily  on  all  ordinary  media;  best 
upon  Loeffler  s blood  serum  and  upon  glycerin-agar.  It  is  patho- 
genic for  animals,  and  causes  death  with  characteristic  lesions  It  is 
the  cause  of  diphtheritic  conjunctivitis,  but  is  found  also  in  the 
more  superficial  (croupous)  form,  as  well  as  in  simple  catarrh  and  on 
the  norma  conjunctiva.  Morphologically  and  culturally  it  may  be 
confounded  with  the  xerosis  bacillus,  a very  frequent  and  harmless  oc- 
cupant of  the  conjunctiva,  both  alone  and  associated  with  other 
specific  organisms.  In  cultures,  however,  the  xerosis  bacillus  does 
not  grow  so  luxuriantly,  the  colonies  are  usually  dryer  on  the  sur- 

ihp6’  htV|n(1pdU£!  S d°  n0f  sh?W  SUch  bizarre  forms  on  blood  serum, 
the  so-called  Ernsts  granules  do  not  appear  so  soon,  and  the  organ- 
ism is  not  pathogenic  for  animals.  6 

• 6-  Staphylococcus  Pyogenes  Aureus.  The  staphylococcus  pyogenes 

«nW  / the  mOSt  Cnmmon  pus  orgamsms-  It  occurs  as  a small 
spherical  coccus  usually  in  groups  and  extracellular.  Stains  by 

ordinary  aniline  dyes,  and  is  positive  to  Gram.  Grows  well  on  all  or- 
dinary culture-media,  and  can  be  differentiated  only  by  this  method, 
it  is  present  on  the  normal  conjunctiva  in  inflammations  of  th°  lid 
margin  and  in  many  forms  of  ulcer  of  the  cornea  (aside  from  ulcus 
serpens);  it  may  be  associated  with  other  more  pathogenic  forms 
and  is  found  occasionally  in  pure  culture  in  simple  catarrhs  and  in 
pseudomembranous  conjunctivitis.  It  is  frequently  found  in  the 

pus  of  dacryocystitis  and  in  panophthalmitis,  both  b>-  metastasis  and 
by  direct  infection. 

7.  Streptococcus  Pyogenes.  The  streptococcus  is  hkewise  a spherical 
coccus,  usually  slightly  larger  than  the  staphyLcoccus,  which  occurs  in 
chains  of  varying  length  as  a result  of  division  in  only  one  direction 
It  stains  readily  and  is  positive  to  Gram.  Grows  on  artificial  media 
but  less  luxuriantly  than  the  staphylococcus.  It  is  found  in  the  normal' 
conjunctiva  and  frequently  in  inflammations  of  the  tear  ducts, 
it  may  be  associated  with  other  organisms  and  increase  the  severity 
of  the  process.  It  may  be  the  scie  cause  of  conjunctivitis  in  one  of 
two  forms:  1.  Catarrhal  inflammation  (Parinaud's  conjunctivitis), 

ch  is  usually  monolateral,  and  is  associated  with  lacrymal  dis- 
ease  of  the  same  side;  it  is  often  complicated  by  iritis  and  swelling 

w g ailda-  2\  A Pseudomembranous  form,  which  is 
more  frequent  Here  ic  may  be  found  alone  or  with  the  diphtheria 
organism.  The  process  is  usually  very  severe  and  the  prognosis 

8.  Diplocoi.'ius  of  Acute  Follicular  Catarrh  (Pseudogonococcus).  This 

cotnrrh™  °een.descnbed  by  many  as  the  cause  of  acute  follicular 
catarrh  in  epidemic  form.  It  has  a very  close  resemblance  to  the 
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gonococcus  on  the  cover-slip,  but  is  positive  to  Gram  and  is  readily 
cultivated.  The  diagnosis  of  gonococcus  should  not  be  made  without 
the  use  of  the  Gram  method  unless  the  direct  source  of  infection  is 
known.  Other  forms  have  been  described  which  were  also  negative 
to  Gram,  but  they  could  be  cultivated  without  difficulty.  The  menin- 
gococcus (diplococcus  intracellularis  meningitidis,  Weichselbaum) 
might  be  confounded  with  the  gonococcus,  but  its  occurrence  on  the 
conjunctiva  is  exceptional. 

In  keratitis  a variety  of  organisms  has  been  cultivated  from  the 
ulcers,  but  in  many  cases  the  infection  must  be  looked  upon  as  sec- 
ondary. Only  two  forms  of  keratitis  can  be  considered  to  be  caused 
by  specific  micro-organisms:  1.  The  true  ulcus  serpens,  in  which  the 
pneumococcus  was  found  in  a large  percentage  of  cases  by  Uhthotf 
and  Axenfeld.  2.  Keratomycosis  aspergillinia,  a form  of  ulcer  pro- 
duced by  the  Aspergillus  fumigatus.  This  form  is,  however,  exceed- 
ingly rare  in  America;  only  two  cases  have  been  reported  Cither 
organisms  found  have  been  staphylococci,  Pfeiffer’s  capsule  bacillus, 
bacillus  pyogenes  foetidus,  bacterium  coli,  bacillus  pyocyaneus,  diplo- 
bacillus,  ozsena  bacillus,  and  a number  of  other  forms  which  have 
not  been  identified  (Uhthoff). 
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ABDUCENS  paresis,  179 

Abduction,  normal,  degree  of,  154 
testing  power  of,  160 
Aberration,  chromatic,  65  . 

increase  of,  with  increase  of  size  of  ob- 
ject, 65 
spherical,  65 

Abscess  of  brain,  relation  of,  to  diseases  ot 
the  eye,  634 
of  conjunctiva,  286 
of  cornea,  305 
of  eyelid,  240 
Accommodation,  67,  77 
amplitude  of,  69 
in  astigmatism,  103 
in  hyperopia,  93 
measurement  of,  69 
mechanism  of,  67 

Helmholtz’s  theory,  67 
Tscherning’s  theory,  68 
spasm  of,  84,  183 
variation  of,  with  age,  69 
Accommodation-convergence,  152 
Accommodative  asthenopia,  109 

effort  as  a factor  in  the  causation  of  glau- 
coma, 541 
myopia,  84 

power,  estimation  of,  by  means  of  test- 
letters,  73 

Acne  of  the  conjunctiva,  292 

rosacea,  relation  of,  to  diseases  of  the 
eye,  630 

Acromegaly,  relation  of,  to  diseases  oi  the 
eye,  649  . 

Adams’  operation  for  ectropion,  2o4 
Addison’s  disease,  relation  of,  to  diseases  of 
the  eye,  585 

Adduction,  normal,  degree  of,  154 
testing  power  of,  159 
Adenoma  of  caruncle,  293 
of  conjunctiva,  291 
After-cataract,  485,  497,  521 
Albinism,  371 
treatment  of,  371 

Albino,  ophthalmoscopic  representation  ot 
an  eye-ground  of  an,  52 
Albinotic  fundus,  340 

Albuminuria,  relation  of,  o diseases  of  the 

eye,  598  

Albuminuric  retinitis,  423,  425 
Alcoholism,  relation  of,  to  diseases  of  the 
eye,  606 

Alopecia  of  the  eyebrows  and  eyelashes, 
631 


Alternating  convergent  strabismus,  174 
Amaurosis,  infantile,  440 
uraemic,  424 

Amblyopia  ex  anopsia,  172,  573 
congenital,  574 
diabetic,  458 
from  disuse,  573 
glycosuric,  577 
from  hemorrhage,  578 
hysterical,  574 
from  lightning  flash,  578 
malarial,  577 
quinine,  461 
reflex,  579 
simulated,  574 
uraemic,  577 

Ametropia,  correction  of,  80 
diffusion  images  in,  77,  78 
vision  in,  77 
Amnesia,  visual,  471 

Amyl  alcohol  as  a cause  of  blindness,  606 
Amyloid  disease  of  the  conjunctiva,  28* 
Anaemia,  relation  of,  to  diseases  of  th^  eye, 
583 

Anaesthesia  of  cornea,  529 
Anagnostaki’s  and  Iloltz’s  iptvation  for 
trichiasis,  252 
Anaphoria,  176 
Anatropia,  176 
Anel’s  lacrymal  syringe,  220 
Aneurism  bv  anastomosis,  orbital,  204 
relation  of,  to  diseases  of  the  eye,  636 
Angioma  of  conjunctiva,  259 
of  eyelids,  214 
Angle  alpha,  153 
gamma,  153 
metre,  152 
visual,  71 
An  iridia,  348 

congenital,  glaucoma  following,  552 
Anisocoria,  31 
Anisometropia,  108 

prescribing  glasses  for,  132 
Ankyloblepharon,  255 
Annular  posterior  synechia?,  350 
Anterior  chamber,  339 

changes  in  the,  in  primary  glaucoma, 
530 

exudation  into,  349,  351 

glaucoma  following  epithelial  cysts  in 
the,  551 

hemorrhage  into,  362 
Anthrax  of  the  eyelid,  240 
Aphakia,  477,  523 
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Aphakic  eye,  59 
Aqueous  humor,  345 

changes  in  the,  in  primary  glaucoma, 

533 

Arcus  senilis  cornea?,  317 
Argyl  1-Robertson  operation  forectropion,  254 
pupil,  32 

Argyria  conjunctivae,  288 
Argyrosis,  288 

Arlt’s  method  of  blepharoplasty,  245,  246 
operation  for  ectropion,  254,  255 
Arteria  centralis  retinae,  333 
Artificial  eyes,  416 
Asmus,  sideroscope  of,  405 
Asteroid  hyalitis,  385 
Asthenopia,  109 
accommodative,  109 
cephalalgia,  109 
dolens,  109 
irritans,  109 
muscular,  109 
panorama,  109 
retinal,  109 
simplex,  109 
tarsal,  109 

Astigmatic  clock-face,  use  of,  in  determin- 
ing refraction,  125 
Astigmatism,  76 

absolute  refractive  state  in,  99,  100 
accommodation  in,  103 
compound  hyperopic,  100 
correction  of,  103,  107 
determination  of,  by  skiascopy,  122 
determination  of  corneal  curvature  in, 
by  keratometry,  114 
development  of,  98 
diffusion  images  in,  100,  101 
direct,  97 
etiology  of,  98 
idiopathic,  98 

images  of  a line  formed  in,  102 
inverse,  97 
irregular,  97 

determination  of,  by  skiascopy,  123 
meridional  aberration  in,  97 
oblique,  97 
pathological,  98,  99 
physiological,  98 
prescribing  glasses  for,  131 
primary,  98 
regular,  97 
against  the  rule,  97 
with  the  rule,  97 
secondary,  98,  99 
simple  hyperopic,  100 
myopic,  101 

symptoms  of  refractive  errors  in,  110 
vision  in,  101 

Atrophy,  of  conjunctiva,  235 
of  eyeball,  379 
of  retina,  422 

Atropine,  use  of,  a cycloplegic,  112 
Atropine-po:som>'g,  relation  of,  to  diseases 
of  the  ey  ?,  285,  607 
Axial  hyperopia,  95 
myopia,  34,  85 


BACTERIA,  staining  for,  in  sections  of 
the  eyeball,  680 
Bandolet  keratitis,  316 
Basedow’s  disease,  208 

relation  of,  to  diseases  of  the  eye,  580 
Biconcave  lenses,  61 
Biconvex  lenses,  61 

Binocular  field  of  fixation,  limits  of,  156 
vision,  74 
“ Black  eye,”  256 

Blennorrhoea,  acute,  of  conjunctiva,  270 
Blepharitis,  241 
pediculosa,  242 
Blepharoplasty,  244 
Arlt’s  method,  245,  246 
Dieffenbach’s  method,  246 
Fricke’s  method,  245 
Knapp’s  method,  245,  247 
Wolfe’s  method,  246 
Blepharospasm,  234 
treatment  of,  234 
Blindness,  color,  568 
day,  580 
night,  580 
snow,  581 
“ Blinking,”  234 
Bowman’s  membrane,  295 

operation  of  slitting  the  canaliculus,  221 
probes,  219,  224 

method  of  inserting,  222 
in  position,  223 

Brain,  abscess  of,  relation  of,  to  diseases  of 
the  eye,  634 

diseases  of,  effect  of,  upon  the  eve,  631, 
634 

injuries  of,  effect  of,  upon  the  ere,  650 
Bromism,  relation  of,  to  diseioe*  of  the  eye, 
606 

Bronchial  tubes,  relation  of  diseases  of,  to 
diseases  of  the  eye,  593 
Bulbar  paralysis,  relation  of,  to  diseases  of 
the  eye,  645 
Bullous  keratitis,  310 
Buphthalmos,  ozl 
primary,  553 

riANAL,  hyaloid,  344,  345 
V of  Petit,  476 
Schlemm’s,  325,  339,  344,  345 
Canaliculi,  214 
I stenosis  of,  219 
Canaliculus  knife,  Weber’s,  222 
Canthoplasty,  238 
Canthotomy,  238 
Capsular  cataract,  485 
opacities,  497,  503 
Capsule  forceps,  508 
Tenon’s,  149 

Carbon-dioxide  poisoning,  relation  of,  to 
diseases  of  the  eye,  460,  606 
Carbuncle  of  eyelid,  240 
Caruncle,  adenoma  of,  293 
chalky  deposits  in,  293 
cystic  enlargement  of,  293 
papilloma  of,  292 
Cataphoria,  176 
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Cataract,  after-,  485,  497 
beginning,  487 
capsular,  485 
anterior,  485 
posterior,  485,  497 
choroidal,  502 
complicated,  500 
treatment  of,  506 
congenital,  etiology  of,  500 
cortical,  494 
etiology  of,  500 
extraction  of,  609 

accidents  during  the  operation,  516 
after-treatment  of,  518 
anomalies  of  healing,  518 
choice  of  operation,  516 
choroidal  hemorrhage  following,  517 
with  iridectomy,  510 
without  iridectomy,  514 
manner  of  applying  dressings  after,  513 
modifications  of  the  operation,  515 
simple  linear,  509 
following  iridocyclitis,  490 
frequency  of,  in  glassblowers,  487 
in  the  negro  race,  487 
hypermature,  491 
lamellar,  499 
lenticular,  486 

circumscribed  stationary,  treatment  of, 
504 

clinical  stages  of,  hypermature,  493 
incipient,  493 
intumescent,  493 
mature,  493 
swollen,  493 
course  of,  492 
diagnosis  of,  493 
etiology  of,  486 
pathology  of,  487 
prognosis  of,  496 
symptoms  of,  491 
treatment  of,  504 
progressive,  504 
use  of  mydriatics  in,  505 
of  myotics  in,  505 
Morgagnian,  491 
nuclear,  493 
polar,  485 
anterior,  485,  497 
posterior,  485,  486,  497 
“ripe,”  489 
secondary,  497,  521 
senile,  488,  489,  490,  491 
traumatic,  481 
etiology  of,  482 
treatment  of,  483 
treatment  of,  503 
zonular,  499 
treatment  of,  504 
Cataracta  accreta,  354 
Catatropia,  176 

Cavernoma  of  coniuncti7a,  259 
Cavernous  sinus,  \ hn  mbosis  of,  201 
etiology  of,  2Ul 
symptom*,  of,  202 
trea^mt mt  of,  202 


Cellulitis  of  the  orbit,  195 
Cerebral  anaemia,  relation  of,  to  diseases  of 
the  eye,  631 

hemorrhage,  relation  of,  to  diseases  of  the 
eye,  632 

liyperaemia,  relation  of,  to  diseases  of  the 
eye,  631 
ptosis,  182 

sclerosis,  diffuse,  relation  of,  to  diseases 
of  the  eye,  642 

Cerebrospinal  meningitis,  relation  of,  to 
diseases  of  the  eye,  639 
Chalazion,  242,  243 

forceps,  Desman-es’,  243 
treatment  of,  243 

Chandler  adjustable  seat  and  desk,  141 
Check  ligament,  external,  150 
internal,  150 

ligaments,  action  of,  150,  151 
Chemosis  of  conjunctiva,  286 
Chloral-poisoning,  acute,  relation  of,  to  dis- 
eases of  the  eye,  606 

Cholera,  relation  of,  to  diseases  of  the  eye, 
620 

Cholesterin  crystals  in  the  vitreous,  387 
Chondroma  of  orbit,  204 
Chorioretinitis  diffusa  syphilitica,  absolute 
and  relative  ring  scotomata  in,  374 
pigmenta,  contraction  of  visual  field  in, 
375 

syphilitic,  central  absolute  and  relative 
scotoma  in,  374 
Choroid,  anatomy  of,  340 
atrophy  of,  in  glaucoma,  533 
changes  in,  in  myopia,  376 
in  primary  glaucoma,  532 
coloboma  of,  371 
detachment  of,  384 
hvperaemia  of,  372 
injuries  of,  383 
nerves  of,  344 

ophthalmoscopic  appearance  of  the,  340 
ossification  of,  38t> 
penetrating  wounds  of,  383 
pigment  stroma,  cells  of,  341 
rupture  ot,  9dl 
treatment  of,  384 
sarcoma  of,  380 

se<  toral  contraction  in,  375 
tn  uercular  deposits  in,  376 
Choroidal  cataract,  502 
ring,  48 

pigment,  function  of,  66 
“ Choroidal  disturbance,”  487 
Choroiditis,  anterior,  376 
areolaris,  375 
centralis,  375 
diffusa,  376 
disseminata,  376 

chronica,  paracentral  and  pericentral 
scotomata  in,  374 
exudative,  acute,  372 
course  of,  372 
etiology  of,  373 
symptoms  of,  372 
treatment  of,  373 
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Choroiditis,  exudative,  varieties  of,  375 
suppurativa,  377 
course  of,  377 
etiology  of,  378 
prognosis  of,  378 
symptoms  of,  377 
treatment  of,  378 
Chromatic  aberration,  65 
Chrysarobin,  conjunctivitis  due  to,  286 
Cicatricial  ectropion,  233 
entropion,  249 
Cilia,  231 

Ciliary  body,  changes  in  the,  in  primary 
glaucoma,  532 
hyperaemia  of,  349 
macroscopic  anatomy  of,  338 
microscopic  anatomy  of,  338 
congestion,  24 
nerves,  343 
Cilio-retinal  artery,  51 
Circulatory  system,  effects  of  diseases  of, 
upon  the  eye,  595 

Circulus  arteriosus  iridis  major,  342 
minor,  342 

Circumcorneal  congestion,  24 
Circumlental  space,  476 
Cocaine-poisoning,  relation  of,  to  diseases 
of  the  eye,  286,  607 
Coloboma,  choroidal,  371 

sectoral  contraction  due  to,  374 
of  eyelids,  238 
iridis,  348 

congenital,  348 
glaucoma  following,  552 
lentis,  477 

of  sheath  of  the  optic  nerve,  450 
Color  blindness,  568 
etiology  of,  571 
forms  of,  570 
tests  for,  571 

vision,  Young-Helmholtz  theory  of,  570 
Young-IIelmholtz  theory  of  production 
of,  54 

Compound  hyperopic  astigmatism,  100 
optical  systems,  63 
Concave  cylinder,  104 

mirror,  use  of,  in  skiascopy,  120 
Concavo-convex  lenses,  61 
Congestion,  mixed  forms  of,  24 
Conical  cornea,  319,  320 
Conjugate  focal  distances,  57 
foci,  57 
law  of,  116 

relative  positions  of,  57 
paralysis,  181 
prognosis  of,  181 
treatment  of,  182 
Conjunctiva,  258 
abscess  of,  286 
acne  of,  292 
adenoma  of,  291 
amyloid  disease  ot/  284 
anatomy  of,  2-18 
angioma  ol  259 
atropl  y of,  285 
blood  supply  of,  258 


Conjunctiva,  bulbar,  epithelioma  of,  258 
catarrh  of,  dry,  259 
cavernoma  of,  259 

change  in,  in  primary  glaucoma,  528 
chemosis  of,  286 
congenital  abnormalities  of,  259 
cysts  of,  291 
dermoid  tumors  of,  259 
development  of,  336 
ecchymosis  of,  286 
emphysema  of,  286 
treatment  of,  287 
epithelioma  of,  292 
fibroma  of,  259,  291 
gout  of,  267 

treatment  of,  267 
granuloma  of,  291 
hypenemia  of,  259 
injuries  to,  287 
treatment  of,  287 
leprosy  of,  283 
lipoma  of,  291 
lupus  erythematosus  of,  292 
lymphatic  vessels  of,  258 
moles  of,  259 
myxoma  of,  291 
nerve  supply  of,  259 
ocular,  258 

osseous  growth  of,  259 
osteoma  of,  291 
palpebral,  258 
papilloma  of,  291 
pigmented  patches  of,  259 
sarcoma  of,  292 
syphilis  of,  283 
tarsal,  258 

telangiectatic  growths  of,  259 
tuberculosis  of,  282 
primary,  282 
secondary,  283 
tumors  of,  ben’  <n,  291 
malignant,  292 
simple  cystic,  291 
Conjunctival  congestion,  23 
sacs,  2r>» 

Conjuncti»itis,  259 
ac  ite  contagious,  268 

complications  of,  269 
contagious  qualities  of,  269 
diagnosis  of,  269 
prognosis  of,  269 
prophylaxis  of,  269 
symptoms  of,  268 
treatment  of,  269 
catarrhal,  260 
catarrhalis  sestiva,  261 
chronic,  284 
treatment  of,  285 
classification  of,  259 
diphtheritic,  275 
cause  of,  275 
complications  of,  277 
diagnosis  of,  276 
pathology  of,  276 
pseudomembranous,  276 
treatment  of,  277 
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Conjunctivitis,  eczematosa,  279 
follicular,  262 
cause  of,  262 
symptoms  of,  262 
treatment  of,  262 
gonorrhoeal,  270 
acute  stage,  270 
cause  of,  270 
complications  of,  271 
diagnosis  of,  271 
pathology  of,  275 
prophylaxis  of,  271 
treatment  of,  272 
granular,  262 
cause  of,  264 
diagnosis  of,  265 
pathology  of,  265 
prognosis  of,  265 
treatment  of,  265 
lacrymal,  260 
diagnosis  of,  260, 
treatment  of,  260 
lithiasis,  261 

treatment  of,  261 
membranous,  277 
cause  of,  277 
diagnosis  of,  278 
treatment  of,  278 
non-specific  forms  of,  260 
Parinaud’s,  267 
cause  of,  267 
treatment  of,  267 
phlyctenular,  279 
cause  of,  279 
diagnosis  of,  281 
pathology  of,  281 
treatment  of,  281 
pneumococcic,  269 
contagious  qualities  of,  269 
diagnosis  of,  270 
prognosis  of,  270 
purulent,  270 
simple,  260 
causes  of,  260 
prognosis  of,  260 
symptoms  of,  260 
treatment  of,  260 
subacute,  270 
cause  of,  270 
contagiousness  of,  270 
treatment  of,  270 
toxic,  285 

due  to  atropine,  285 
due  to  bites  of  insects,  286 
due  to  chrysarobin,  286 
due  to  cocaine,  286 
due  to  eserine,  286 
treatment  of,  286 
vernal,  261 
causes  of,  261 
pathology  of,  262 
prognosis  of,  232 
symptoms  of,  261 
treatment  of,  2C2 
Conus,  annul?  •,  37 
congenital,  87 


Conus,  terraced,  87 
Convergence,  152 
accommodation-,  152 
insufficiency  of,  158 
negative,  152,  158 
paralysis  of,  181 
punctum  proximum,  157 
remotum,  157 
weakness  of,  158 
Convergent,  squint,  172 
strabismus,  172 
Converging  meniscus,  61 
Convex  spherical  test,  163 
Corectopia,  348 
Corelysis,  370 
Cornea,  293 
abscess  of,  305 
anaesthesia  of,  529 
anatomy  of,  293 
anterior  epithelial  layer  of,  295 
blood-staining  of,  322 
treatment  of,  323 
burns  of,  323 

changes  in  the,  in  primary  glaucoma, 
529 

conical,  319,  320 

deposits  upon  posterior  surface  of,  in 
cyclitis,  351 
development  of,  335 
ectasiae  of,  317 
fistula  of,  305 
treatment  of,  306 
foreign  bodies  in  321 
treatment  of,  322 

infiltration  of  the,  originating  fro  n the 
posterior  surface,  316 
injuries  of,  321 

manner  of  testing  sensitiver  ess  of,  27 
nerves  of,  296 
oblique  section  of,  296 
sectional  view  of,  294 
“serpent-ulcer”  of,  300,  304 
smallness  of,  as  a factor  in  the  causation 
of  glaucoma,  541 
striated  opa  dues  of,  315 
treatn  lent  of,  316 
tumors  of,  32 1 

ulcex  of.  acute  sloughing,  304 
Infected,  300 
central,  302 
serpent,  300,  304 
simple,  300 
variolous,  305 

Corneal  curvature,  application  of  Placido’s 
disk  in  determining,  114 
epithelium,  mode  of  demonstrating  loss 
of,  27 
loup,  25 

reflex,  examination  of  the,  24 
tissue,  regeneration  of,  296 
Cortical  cataract,  494 
“ Creek  dots,”  51 
Crusta  lactea,  239 
Cryptophthalmos,  238 
Crystalline  lens,  63 
anatomy  of,  474 
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Crystalline  lens,  changes  in  the,  in  primary 
glaucoma,  533 
coloboma  of,  477 
congenital  absence  of,  477 
anomalies  of,  477 
cortex,  474 

deformity  of,  in  a cataract  from  chronic 
glaucoma,  503 
development  of,  332 
dislocation  of,  479 

glaucoma  due  to,  549,  550 
into  the  anterior  chamber,  480 
into  the  capsule  of  Tenon,  480 
into  the  vitreous  chamber,  481 
embryology  of,  476 
equivalent  refractive  index  of,  63 
fossa  patellaris,  476 
hyaloid  fossa,  476 
leucocytic  infiltration  of,  522 
nucleus  of,  474 
opacities  of,  485 
poles  of,  476 
prismatic  fibres  of,  475 
wounds  of,  478 
glaucoma  due  to,  548 
Curvature  hyperopia,  95 
myopia,  permanent,  85 
transient,  84 
Cyclitis,  course  of,  353 
etiology  of,  354 
primary,  355 
sequelae  of,  353 
treatment  of,  358 
serous,  glaucoma  following,  550 
symptoms  of,  352 
treatment  of,  356 
Cycloplioria,  158 

detection  of,  by  Maddox  double  prism,  171 
treatment  of,  171 

Cycloplegic,  method  of  instilling  a,  112 
Cycloplegics,  necessity  for  using,  113 

use  of,  in  determining  refractive  errors, 
112 

in  skiascopy,  124 
Cylinder,  convex,  103 

determination  of  the  axis  of  a,  138 
distortion  produced  by  a,  138 
Cylinders,  application  of,  in  correction  of 
astigmatism,  107 

bisymmetrical  method  of  indicating  the 
axes  of,  105 
crossed,  108 

parallel  method  of  indicating  the  i xes  of, 
105 

symmetrical  method  of  indicating  the 
axes  of,  105 
Cylindrical  lenses,  60 
Cysticercus  cellulosae  in  the  vitreous,  388 
of  retina,  438 

Cystoid  cicatrix  following  extraction  of 
cataract,  521 

Cysts  of  conjunctiva,  291 
of  eyelids,  24^ 
of  iris,  359 

of  lacryma!  gland,  217 
of  orlit,  208 


DACRYOADENITIS,  acute,  216 
treatment  of,  216 
chronic,  216 

treatment  of,  216 
Dacryocystitis,  227 
symptoms  of,  227 
treatment  of,  228 
Dacryops,  217 

Dalrymple’s  sign  in  exophthalmic  goitre, 
209 

Daturine-poisoning,  relation  of,  to  diseases 
of  the  eye,  607 
Daviel’s  lens  scoop,  511 
Day  blindness,  580 
Dendritic  keratitis,  307 
Deorsumvergence,  152 
Depression,  operation  of,  in  treatment  of 
cataract,  506 

Dermoid  tumors  of  conjunctiva,  259 
of  iris,  359 

Descemet’s  membrane,  295 
Desiccation  keratitis,  307 
Desmarre’s  chalazion  forceps,  243 
lid  retractor,  22 
secondary  knife,  51 1 
De  Wecker’s  iridotomy  scissors,  365 
iris  scissors,  511 

Diabetes  insipidus,  relation  of,  to  diseases 
of  the  eye,  589 

mellitus,  relation  of,  to  diseases  of  the 
eye,  586 

Diabetic  amblyopia,  458 
retinitis,  426 

Dieffenbach’s  method  of  blepharoplt  sty,  246 
Diffusion  circles,  79 
images  in  ametropia,  77,  78 
in  astigmatism,  100,  101 
Digestive  system  effects  of  diseases  of,  upon 
the  eye,  591 

Dioptre,  definition  of,  62 
Diphtheria,  relation  of,  to  diseases  of  the 
eye,  614 

Diphtheritic  conjunctivitis,  275 
DiplobaciL'is  of  Morax  Axenfeld,  descrip- 
tion and  pathological  significance  in  dis- 
eases of  tne  eye,  683 

Diplocuccus  of  acute  follicular  catarrh 
< poeudogonococcus),  description  and 
pathological  significance  in  diseases 
of  the  eye,  684 

lanceolatus  (pneumococcus)  of  Fraenkel- 
Weichselbaum,  description  and  patho- 
logical significance  in  diseases  of  the 
eye,  683 

Diplopia,  monocular,  103 
Direct  astigmatism,  97 

illumination,  determination  of  refraction 
by,  117,  118 

ophthalmoscopic  examination,  46 
Disk,  optic,  48 
Distichiasis,  248 
. Divergence,  152 

fusion  near  point,  152 
Divergent  squint,  175 
strabismus,  175 
Diverging  meniscus,  61 
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Dry  catarrh  of  the  conjunctiva,  259 
Duboisine-poisoning,  relation  of,  to  diseases 
of  the  eye,  607 
Dynamic  strabismus,  158 

EAR,  relation  of  diseases  of,  to  diseases  of 
the  eye,  595  , 

Ectasiae,  scleral,  328 
Ectopia,  lentis,  478 
pupilke,  348 
Ectropion,  254 
cicatricial,  233,  254 
organic,  254 
spasmodic,  254 
Eczema  of  eyelids,  239 

relation  of,  to  diseases  of  the  eye,  629 
Eczematous  keratitis,  297 
Egyptian  ophthalmia,  262,  285 
Electric  bulb  with  reflector  for  use  in  ope- 
rations on  the  eye,  663 
Elephantiasis  arabum,  relation  of,  to  dis- 
eases of  the  eye,  630 
Elliptical  lenses,  60 

Embolism  of  central  artery  of  retina,  432 
of  cerebral  vessels,  relation  of,  to  diseases 
of  the  eye,  633 
Emmetropia,  definition  of,  64 
Emmetropic  eye,  75 

Emotions,  depressing,  as  a factor  in  the 
causation  of  glaucoma,  641 
Emphysema  of  conjunctiva,  286 
Encephalocele  of  orbit,  206 
Enchondroma  of  orbit,  204 
Enophthalmos,  194 
Entozoa  in  vitreous,  388 
Entropion,  cicatricial,  249 
spasmodic,  249 

Enucleation,  operation  of,  412 

dangers  and  advantages  of,  414 
scissors,  413 
Epicanthus,  238 
Epiphora,  218 
etiology  of,  218 
treatment  of,  221 
Episcleritis,  fugacious,  325 
cause  of,  325 
treatment  of,  325 
persistent,  325 
cause  of,  326 
prognosis  of,  326 
treatment  of,  326 

Epithelioma  of  conjunctiva,  258,  292 
Ergot-poisoning,  relation  of,  to  diseases  of 
the  eye,  607 

Erysipelas  of  eyelids,  239 

relation  of,  to  diseases  of  the  eye,  Oil 
Erythema  bullosum,  691 

multiforme,  relation  of,  vo  diseases  of  the 
eye,  630 

Erythrophkeine,  effects  of,  upon  color 
vision,  530 
Erythropsia,  581 

Eserine-poisonir^,  relation  of,  to  diseases 
of  the  eye.  2<S6,  607 
Esophoria.  1^8 

Maddox’  rod-test  for,  162 


Esophoria,  symptoms  of,  167 
treatment  of,  167 
Esotropia,  172 

Ethmoidal  sinus,  affections  of,  treatment 
of,  213 

relation  of  diseases  of,  to  diseases  of 
the  eye,  594 
Eucanthus,  292 
maligna,  293 

Everbusch’s  operation  for  correction  of 
ptosis,  235 

Evisceration,  operation  of,  410 

dangers  and  advantages  of,  414 
Exenteration,  operation  of,  410 

dangers  and  advantages  of,  414 
of  orbit,  207 
Exophoria,  84,  158 

determination  of,  by  parallax  test,  163 
etiology  of,  164 
Maddox’s  rod-test  for,  162 
symptoms  of,  165 
treatment  of,  165 
Exophthalmic  goitre,  208,  589 
Exophthalmos,  193 
intermittent,  204 
pulsating,  199 
etiology  of,  200 
prognosis  of,  200 
symptoms  of,  199 
treatment  of,  200 

Exostosis,  ivory,  of  frontal  sinus,  202 
Exotropia,  158,  175 
External  check  ligament,  150 
ophthalmoplegia,  180 

Exudation  into  anterior  chamber  in  cyclitis, 
351 

in  iritis,  349 

into  posterior  chamber  in  cyclitis,  352 
in  iritis,  350 

into  stroma  of  the  ir  s,  34  9 
into  vitreous  in  c;  clitis,  352 
Eye,  the  aphakic,  59 
bloodvessels  of,  34 j,  342 
effects  of  constitutional  diseases  upon,  583 
of  diseases  < f the  brain,  631 
of  circulatory  tract,  595 
of  digestive  system,  591 
of  nerves,  651 
of  respiratory  tract,  593 
of  sexual  organs,  601 
of  skin,  629 
of  spinal  cord,  645 
of  urinary  organs,  598 
of  infectious  diseases  upon,  608 
of  injuries  to  the  brain  and  spinal  cord 
upon,  650 

of  poisons  upon,  604 
of  trophoneuroses  upon,  649 
embryology  of,  331 
embryonic  bloodvessels  of,  333 
emmetropic,  75 
examination  of,  19 
anterior  chamber,  27 
behavior  of  the  pupil  in  disease,  31 
bloodvessels  of  the  exterior  of  the,  23 
ciliary  or  circumcorneal  congestion,  24 
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Eye,  examination  of,  conjunctiva  and  its 
cul-de-sacs,  22 
conjunctival  congestion,  23 
cornea,  24 
corneal  reflex,  24 

direct  inspection  of  the  eye  and  its 
appendages,  21 
by  direct  inspection,  26 
by  direct  method,  46 
family  and  personal  history,  20 
general  considerations,  19 
physical  condition,  19 
by  indirect  method,  45 
iris,  27 

lacrymal  apparatus,  22 
lids,  22 

mixed  forms  of  congestion,  24 
normal  eye-ground,  47 
ocular  history,  21 
ophthalmoscopic  examination,  38 
orbit  and  the  position  of  the  eyeball,  22 
pupil,  29 
tension,  36 

by  transmitted  light,  40 
foreign  bodies  in,  management  of,  401, 
403 

general  development  of,  331 
horizontal  section  of,  in  orbit,  148 
hyperopic,  76 

lymph  passages  of,  344,  345 
myopic,  76,  80 

normal  adult,  cardinal  points  of,  64 
curvatures  of,  63 
indices  of,  63 
nutrition  of,  345 
the  reduced,  64 
the  schematic,  63 
shade,  659 
speculum,  506 

technique  of  pathological  and  bacterio- 
logical examinations  of,  665 
Eyeball,  atrophy  of,  379 
centre  of  rotation  of,  145 
instrument  for  measuring,  667 
motions  of,  145 
derangements  of,  145 
penetrating  wounds  of  the,  treatment  of, 
398 

position  of  rest,  147 

preparation  of,  for  pathological  and  bac- 
teriological examination,  667 
primary  position  of,  145 
Eyeballs,  associated  movements,  152 
Eye-ground,  normal,  47 
Eyelids,  abscess  of,  240 
anatomy  of  231 
angiomata  of,  244 
anthrax  pustule  of,  240 
carbuncle  of,  240 
coloboma  of,  238 
congenital  anomalies  of,  238 
treatment  of,  238 
cysts  of,  244 
development  of,  336 
eczema  of,  239 
emphysema  of,  256 


Eyelids,  erysipelas  of,  239 
furuncle  of,  240 
herpes  zoster  of,  239 
injuries  of,  256 
malignant  growths  of,  244 
oedema  of,  240 

relative  positions  and  sizes  of,  232 
syphilis  of,  241 
tumors  of,  244 
ulcers  of,  240 

variolous  eruption  upon,  240 
Eyes,  artificial,  416 

FACIAL  hemiatrophy,  progressive,  rela- 
tion of,  to  diseases  of  the  eye,  650 
nerve,  relation  of  paralysis  of  the  ocular 
branch  of,  to  diseases  of  the  eye,  652 
Factitious  myopia,  84 
Facultative  hyperopia,  96 
Far  point  in  hyperopia,  90 
in  myopia,  80 

direct  determination  of,  124 
Farsightedness,  76 
Fascicular  keratitis,  298 
Favus,  relation  of,  to  diseases  of  the  eye, 
630 

Fibrae  arcuate,  295 
Fibroma  of  conjunctiva,  291 
Field  of  fixation,  154 

binocular,  limits  of,  156  • 

monocular,  154 
limits  of,  156 

measurement  of,  by  means  of  the 
perimeter,  155 
Filamentous  keratitis,  306 
Filaria  sanguinis  hominis  in  the  vitreous, 

388 

Fissure,  orbital,  inferior,  192 
superior,  192 
palpebral,  193 
Fistula  of  cornea,  305 
of  lacrymal  gland,  217 
lacrymalis,  228 
Fixation  forceps,  o06 

point,  method  of  determining,  42 
Focal  interval,  99 
Foci,  conjugate,  57 

relative  positions  of,  57 
Focus,  real,  57 
principal,  57 
virtual,  57 

Follicular  conjunctivitis,  262 
Fornix  conjunctiva1,  258 
Forster’s  photometer,  35 
Fossa  patellaris  of  the  crystalline  lens,  476 
Fox’s  fixation  forceps,  4i 2 
Frenular  keratitis,  298 
Fricke’s  method  of  blepharoplasty,  245 
Frog,  entire  embryo  of  a,  331 
Frontal  sinus,  chronic  mucocele  of,  210 
ivory  exostosis  of,  202 
sinuses,  relation  of  diseases  of,  to  diseases 
of  the  eye,  594 
Fulminating  glaucoma,  542 
Fundus  reflex,  42 
variations  in  color  of,  371 
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Fungus-poisoning,  relation  of,  to  diseases  of  ( 
the  eye,  607  . 

Furrow  keratitis,  307 
Furuncle  of  eyelid,  240 

relation  of,  to  diseases  of  the  eye,  630 
Fusion  near  point  in  divergence,  152 

GANGLION  cells  of  the  retina,  method 
of  staining,  678 
Gauss,  formula  of,  64 
Gerontoxon,  317 
Glands,  Meibomian,  232 
ocular,  development  of,  336 
of  Zeiss,  231 

Glandular  enlargement,  general,  relation 
of,  to  diseases  of  the  eye,  590 
Glassblowers,  frequency  of  cataract  m,  487 
Glasses,  adjustment  of,  136 
analysis  of,  138 

difficulties  encountered  in  wearing,  134 
rules  for  the  prescription  of,  131 
Glaucoma,  absolute,  ophthalmoscopic  ^ap- 
pearance of  the  optic  disk  in,  537 
section  of  the  optic  nerve  head  in,  537 
acute,  clinical  application  of  treatment 
in,  565 

congestive,  542 

age  as  a factor  in  causation  of,  540 
changes  in  the  conjunctiva  in,  528 
chronic  deformity  of  lens  in  a cataract 
from,  503 

non-congestive,  544 

congenital,  553  • . . 

cupping  of  the  optic  disk  as  a result  ot 
glaucoma,  538 

following  extraction  of  cataract,  521 
fulminating,  542 

heredity  as  a factor  in  causation  of,  540 
loss  of  sleep  as  a factor  in  causation  of, 

541  , . t u 

primary,  changes  in  the  anterior  chamber 
in,  530 

in  the  aqueous  humor,  533 
in  the  choroid,  532 
in  the  ciliary  body,  532 
in  the  cornea,  529 
in  the  crystalline  lens,  533 
in  the  ins,  531 
in  the  optic  nerve,  537 
in  the  retina,  533 
in  the  sclerotic,  528 
in  the  vitreous  humor,  533 
clinical  types  of,  542 
diagnosis  of,  545 
predisposing  conditions,  540 
accommodative  effort,  541 
age,  540 

constitutional  conditim\  541 
depressing  emotions,  541 
errors  of  refraction,  541 
heredity,  540 
local  injuries  5’1 
loss  of  sleep  541 
operation  on  one  eye,  541 
race,  540 
sex,  540 


Glaucoma,  primary,  predisposing  conditions, 
smallness  of  cornea,  541 
use  of  mydriatics,  541 
treatment  of,  556 
secondary,  varieties  of,  546 
simplex, "concentric  contraction  of  fields 
of  vision  in,  535,  536 
subacute,  543 

Glioma  of  retina,  438,  439 
Glycosuric  amblyopia,  577 
Goitre,  exophthalmic,  208,  589 
etiology  of,  208 
symptoms  of,  208 
treatment  of,  209 

Gonococcus  (Neisser),  description  and 
pathological  significance  in  diseases  of 
the  eye,  683 

Gould’s  prism  battery,  159 
Gout  of  conjunctiva,  267 
Granular  conjunctivitis,  262 
Granuloma  of  conjunctiva,  291 
Graves’  disease,  208 

relation  of,  to  diseases  of  the  eye,  589 
Green  blindness,  570 

Green’s  (J.)  operation  for  cicatricial  en- 
tropion, 251 

Gruening’s  modified  Hotz  suture  operation 
for  correction  of  ptosis,  235 

HAAB’S  magnet,  405 
reflex,  34 

Haemophilia,  relation  of,  to  diseases  of  the 
eye,  585 

“ Harvesters’  keratitis,”  304 
Hasner’s  valve,  216 
Hayes’  knife  needle,  506 
Helmholtz’s  theory  of  the  mechanism  of 
accommodation,  67 
, Hemeralopia,  580 

Hemianopic  pupillary  inar.uon  sign,  34 
• Hemianopsia,  left-sided,  167 

Hemifacial  hypertrophy, 1 elation  of,  to  dis- 
eases of  the  eye,  650 
Hemorrhage,  amblyopia  from,  578 
into  the  anterior  chamber,  362 
into  the  vitreous,  388 
Hemorrhagi  * retinitis,  427,  428,  429 
Herpes  c mi  nnctivse,  261 
con  p<e  310 

treatment  of,  310 

Vviigaris,  relation  of,  to  diseases  of  the 
eye,  630 

zoster  ophthalmos,  239 

relation  of,  to  diseases  of  the  eye, 
630 

Heterochromia,  346 

Heterophoria,  158  . 

determination  of,  by  convex  spherical 
test,  163 

by  parallax  test,  163 
image  movement  in,  164 
red  glass  test  in,  160 
spasmodic,  184 
symptoms  of.  164 
Heterotropia,  172 

exercise  of  the  weak  eye  in,  190 
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Heterotropia,  use  of  the  stereoscope  in,  191 
Heurteloup  artificial  leech,  356,  357 
Hippus,  30 

Hirschberg’s  pupillometer,  29 
sideroscope,  406 

Holmgren’s  wool-test  for  detection  of  color- 
blindness, 571 

Plomatropine-poisoning,  relation  of,  to  dis- 
eases of  the  eye,  607 
use  of,  as  a mydriatic,  112 
Hordeolum,  242 
Hutchinson  teeth,  313,  314 
Hyalitis,  385 
asteroid,  385 
punctata,  385 
suppurativa,  386 
treatment  of,  386 
Hyaloid  artery,  persistent,  385 
canal,  344,  345 
fossa  of  crystalline  lens,  476 
membrane  of  vitreous,  glaucoma  follow- 
ing anterior  synechise  of,  548 
Hydrocephalus,  relation  of,  to  diseases  of 
the  eye,  644 
Hydrophthalmos,  321 

Hyoscyamine-poisoning,  relation  of,  to  dis- 
eases of  the  eye,  607 
Hyperesophoria,  158 
Hyperexophoria,  158 
Hyperkinesis,  158 
Hypermetropia,  76 
correction  of,  by  a convex  lens,  43 
Hyperopia,  76,  90 
absolute,  96 
accommodation  in,  93 
amount  of,  96 
axial,  95 
correction  of,  91 
coui-se  of  emergent  rays  in,  90 
curvature,  95 
external  evidences  of,  97 
facultative,  96 
far  point  in,  90 
index,  95 
latent,  94 
manifest,  94 
near  point  in,  93 
prescribing  glasses  for,  132 
relative,  96 

symptoms  of  refractive  errors  in,  110 
total,  94 
varieties  of,  95 
vision  in,  96 
Hyperopic  eye,  76 
Hyperphoria,  158 

determination  of,  by  parallax  test  163 
image  movement  in,  166 
left,  Maddox’s  rod-test  for,  1 62 
right,  Maddox’s  rod-tea  for  162 
symptoms  of,  169 
tests  for,  170 
treatment  of,  170 
Hypertropia,  176 
Hyphsemia,  35‘‘,  362 
Hypoesophona  158 

image  movement  in,  166 


Hypoexophoria,  158 
image  movement  in,  166 
Hypophoria,  158 
Hypopyon,  297 
keratitis,  303 

Hysteria,  extreme  concentric  contraction  in, 
575 

Hysterical  amblyopia,  574 

TCHTHYOSIS,  relation  of,  to  diseases  of 
1 the  eye,  630 
Illumination,  focal,  26 
oblique,  26 

Image,  retinal,  mental  projection  and  recti- 
fication of,  66 

Images,  diffusion,  in  ametropia,  77,  78 
formation  of,  55 

Impetigo,  relation  of,  to  diseases  of  the  eye, 
631  J 

Index,  equivalent  refractive,  of  crystalline 
lens,  63 
hyperopia,  95 
myopia,  84,  85 
relative  refractive,  56 

Infectious  diseases,  effects  of,  upon  the  eve. 
608  J ’ 

Influenza,  relation  of,  to  diseases  of  the  eve 
619  3 ’ 

Infraduction,  measurement  of,  154 
Insanity,  relation  of,  to  diseases  of  the  eye, 
640  J 

Interstitial  keratitis,  311 
Intervaginal  space,  345 
Intra-ocular  fluid,  composition  of,  524 
tumor,  glaucoma  following,  55? 
Intumescent  cataract,  493 
Iodine-poisoning,  relation  of  diseases  of 
the  eye,  605 

Iridectomy,  365,  367,  369 
indications  for,  367 
in  treatment  of  gl  tucoma,  556 
Iridectomydialy.is  in  treatment  of  glau- 
coma, 556 
Irideraemia,  .'18 
traumatica,  331 
Iridesis,  37b 

Iridochoroiditis  following  extraction  of 
cataract,  519 

Iridocyclitis,  extraction  following,  490 
following  extraction  of  cataract,  519 
perforating  injury,  352 
secondary,  356 
sympathetica,  356 
Iridodialysis,  361,  369 
Iridodonesis,  28 
Iridoplegia,  33 
reflex,  32 
unilateral,  32 
Iridotomy,  369,  370 
Iris,  anatomy  of,  336,  337 
anterior  synechise  of,  glaucoma  following, 
547 

bomb£,  253,  546 

changes  in  the,  in  primary  glaucoma, 
531 

chromatic  asymmetry  of,  27 
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Iris,  coloboma  of,  congenital,  348 
glaucoma  following,  552 
cysts  of,  359 
exudation  into  the  stroma  of,  349 
factors  influencing  color  of,  338 
forceps,  508 
foreign  bodies  in,  361 
function  of,  65 
hooks,  364 
hyperaemia  of,  348 
inflammatory  diseases  of,  348 
innervation  of,  28 
inversion  of,  362 
lacerations  of,  361 
melanomata  of,  359 
operations  upon,  363 
penetrating  wounds  of,  361 
piebald,  27 

posterior  layers  of  the,  of  an  albmotic 
human  eye,  337 

synechiae  of,  following  glaucoma,  546 
prolapse  of,  following  extraction  of  cata- 
ract, 519,  520 
scissors,  412 

traumatic  changes  in,  362 
tumors  of,  benign,  359 
treatment  of,  359 
dermoid,  359 
malignant,  359 
treatment  of,  360 
variations  in  color  of,  346 
Iritis,  349 
course,  353 
diabetica,  355 
treatment  of,  358 
etiology  of,  354 
gonorrhoeica,  355 
treatment  of,  358 
idiopathica,  355 
primary,  355 
in  relapsing  fever,  355 
rheumatics,  355 
treatment  of,  358 
scrofulosa,  355 
secondary,  356 
sequelae  of,  353 
treatment  of,  358 
symptoms  of,  352 
syphilitic,  355 
treatment  of,  358 
traumatica,  356 
treatment  of,  356 
tuberculosa,  355 
in  variola,  355 

JACKSON’S  binocular  magnifier  ?6 

Jaesche-Arlt  operation  in  tiratment  of 
trichiasis,  249 

Javal  and  Schiotz’s  ophthalmometer,  114, 
115 

ERATECTASIA,  319 
treatment  of,  319 
Keratitis  arburescens,  307 
bandolet,  31b 
bullous  330 


Keratitis,  bullous,  pathology  of,  311 
treatment  of,  311 
dendritic,  307,  630 
desiccation,  307 
symptoms  of,  308 
treatment  of,  308 
eczematous,  297 

complications  of,  299 
diagnosis  of,  299 
prognosis  of,  299 
symptoms  of,  297 
treatment  of,  299 
fascicular,  298 
filamentous,  306 
idiopathic,  306 
symptoms  of,  306 
traumatic,  306 
treatment  of,  306 
frenular,  298 
furrow,  307 
harvesters’,  304 
hypopyon,  303 
marginal,  300 
diagnosis  of,  302 
duration  and  symptoms  of,  301 
treatment  of,  302 
mycotic,  307 
neuroparalytic,  308 
treatment  of,  309 
oyster-shuckers’,  300,  304 
parenchymatous,  311 
symptoms  of,  313 
treatment  of,  314 
phlyctenular,  297 
punctata  superficialis,  310 
ramiformis,  630 
ribbon,  316 
sclerosing,  314 
symptoms  of,  315 
treatment  of,  315 
scrofulous,  297 
suppurative  form,  of,  297 
trophic,  316 
vascular,  deep  316 
cause  of  3 6 
symptoms  of,  316 
treatment  of,  316 
Keratitise,  lagophthalmo,  307 
Ker.itoconus,  319 
diagnosis  of,  320 
symptoms  of,  320 
treatment  of,  320 
Keratoglobus,  321 
pellucida,  321 
turbidus,  321 
Keratomalacia,  308 
Keratomes,  364 

Keratometry,  determination  of  corneal  cur- 
vature in  astigmatism  by,  114 
Keratoscope,  25  . 

Klebs-Loefller  diphtheria  bacillus,  descrip- 
tion and  pathological  significance  in  dis- 
eases of  the  eye,  684 
Knapp’s  expression  forceps,  266 
method  of  blepharoplasty,  245,  24/ 
operating-chair,  662 
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Koch-Weeks  bacillus,  description  and 
pathological  significance  in  diseases  of 
the  eye,  683 

Kronlein’s  osteoplastic  resection,  205 

LACRYMAL  apparatus,  anatomy  of,  214 
duct,  215 

testing  patency  of,  221 
gland,  214 
cyst  of,  217 
dislocation  of,  218 
extirpation  of,  231 
fistula  of,  217 
hypertrophy  of,  217 
suppurative  inflammation  of,  216 
tumors  of,  217 
sac,  215 

extirpation  of,  230 
Lagophthalmos,  232 
treatment  of,  233 
Lamellar  cataract,  499 
Lamina  cribrosa,  48 
vitrea,  340 

Landolt  s ophthalmodynamometer,  157 
La iynx,  relation  of  diseases  of,  to  diseases 
of  the  eye,  595 

Le  Conte’s  scheme  for  detection  of  color 
blindness,  571 

Lead-poisoning,  chronic,  relation  of,  to  dis- 
eases of  the  eye,  460,  605 
Lens  capsule,  glaucoma  following  anterior 
synechia?  of,  548 
development  of,  332 
fibres,  primitive,  332 
focal  length  of  a,  62 
refraction,  60 
cardinal  points  in,  62 
Lenses,  classification  of,  60 
numeration  of,  62 
Lenti conus,  478 
Lenticular  cataract,  486 
opacities,  486,  498,  504 
diagrammatic  method  of  determining 
location  of,  495 
Leprosy  of  conjunctiva,  283 
relation  of,  to  diseases  of  the  eye,  627 
Leukaemia,  relation  of,  to  diseases  of  the 
eye,  584. 

Leukaemic  retinitis,  427 
Levis’  wire  loop,  51 1 

Lichen  ruber,  relation  of,  to  diseases  of  the 
eye,  630 

Lid  retractor,  Desmarres’,  22 
Liebreich  bandage,  modified,  659 
Ligament,  external  check,  150 
internal  check,  150 
Ligamentum  pectinatum,  338,  339 
Light  pencil,  54 
ray,  54 

sense,  manner  of  testing  35 
waves,  53 

Lightning  flash,  amblvoi  ia  from,  578 
Lipoma  of  conjunctiva,  291 
of  orbit,  204 

Lithiasis  conjunoti  itis,  261 
Longsightedness  76 


Loring’s  ophthalmoscope,  39 
Loup,  corneal,  25 
Lueris  eye  speculum,  412 
Lupus  erythematosus  of  conjunctiva,  292 
Lymph  passages  of  eye,  344,  345 
Lymphadenoma  of  orbit,  204 
Lymphangiectasis,  290 
Lymphangioma  of  orbit,  204 
Lymphoma  of  orbit,  204 

McJIARDY  perimeter,  444 
Macula,  52 
holes  at  the,  438 
lutea,  65 

symmetrical  disease  of,  in  young 
children,  431 
Madarosis,  240 

Maddox  double  prism,  use  of,  in  detecting 
cyclophoria,  171 
multiple  rods,  161 
rod-test  for  esophoria,  161 
for  exophoria,  162 
for  hyperphoria,  162 
for  orthophoria,  1 62 

Malaria,  relation  of,  to  diseases  of  the  eve. 
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Malarial  amblyopia,  577 
Mallory’s  methods  for  staining  neuroglia 
679 

Marchi’s  method  for  staining  specimens  of 
the  optic  nerve,  678 

Mastoid  disease,  relation  of  diseases  of,  to 
diseases  of  the  eye,  595 
Mauthner’s  scheme  for  detection  of  tfip  af- 
fected muscles  in  ocular  paraIvsA.\  178 
179 

Measles,  relation  of,  to  diseases  of  the  eye, 

Megalocomea,  321 
Megalopsia,  581 
Meibomian  glands,  232 
Melanomata  of  iris,  353 
Membrana  pupilk  ris  perseverans,  346 
I treatment  of,  348 

Membrane,  Rowman’s,  295 
Descemet’s,  295 
persisting  pupillary,  346 
Membranous  conjunctivitis,  277 
Meningitis,  relation  of,  to  diseases  of  the 
eye,  637 

Meniscus,  converging,  61 
diverging,  61 

Mercury-poisoning,  acute,  relation  of,  to 
diseases  of  the  eye,  605 
Meridional  aberration,  97 
Metamorphopsia,  581 

Metastatic  purulent  meningitis,  relation  of 
to  diseases  of  the  eye,  639 
Methyl  alcohol  as  a cause  of  blindness,  606 
Metre  angle,  152 
Microphakia,  477 
Micropsia,  581 
Microtome,  knife  for,  666 
medium  laboratorv,  665 
Migraine,  ophthalmoplegic,  180 
scintillating  scotoma  in,  579 
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Milium,  relation  of,  to  diseases  of  the  eye, 

630 

Mind  blindness,  471 
Moles  of  conjunctiva,  259 
Molluscum  contagiosum,  244 

relation  of,  to  diseases  ol  the  eye,  630 
simplex,  244 
Monocular  diplopia,  103 

field  of  fixation,  limits  of,  156 

measurement  of,  by  means  of  the 
perimeter,  155 
squint,  172 

Morgagni,  spheres  of,  489 
Morgagnian  cataract,  491 
Morton’s  ophthalmoscope,  39 
Motais’  operation  for  correction  of  ptosis,  236 
Mucocele,  223 
chronic,  210 

treatment  of,  211 
course  of,  224 
in  infants,  226 
treatment  of,  226 
symptoms  of,  224 
treatment  of,  224 
Mules’  operation  for  ptosis,  236 
vitreous  spheres,  410 
introducer  for,  411 
Muller’s  fluid,  composition  of,  667 
muscle,  232 

Mumps,  relation  of,  to  diseases  of  the  eye, 
620 

Muscse  volitantes,  110 
Muscle,  advancement  of  a,  186,  187,  188 
external  rectus,  attachment  of,  148 
origin  of,  147 
paralysis  of,  179 

extra-ocular,  insertion  of  the,  149 
extrinsic,  in  localization  of  cerebral  dis- 
eases, 182 

inferior  oblique,  origin  of,  148 
paralysis  of,  181 
rectus,  origin  of,  148 
paralysis  of,  181 

internal  rectus,  attachment  of,  148 
origin  of,  147 
paralysis  of,  1 81 

Muscles,  ocular,  anatomy  and  physiology  of, 
145 

development  of,  336 
external,  145 
rectus,  147 
extrinsic,  145 

innervation  of,  145 
inferior  oblique,  148 
rectus,  148 
insufficiency  of,  158 
internal,  145 
rectus,  147 
intrinsic,  145 
nerve  supply  of,  161 
operations  on.  advancement  of  a mus- 
cle, 186 
tenotomy,  R 6 
paralysis  of,  i76 
di? os’s  of,  177 
etiolc  gy  of,  176 


Muscles,  ocular,  paralysis  of,  relations  of  the 
double  images  in,  178 
symptoms  of,  176 
superior  oblique,  148 
rectus,  148 

testing  balance  of  the,  at  the  near  point, 
159 

orbital,  attachment  of,  146 
unilateral  paralysis  of,  179 
producing  lateral  excursions,  testing  func- 
tions of,  159 

vertical  excursions,  testing  functions 
of,  159 

superior  oblique,  origin  of,  148 
paralysis  of,  1 80 
rectus,  origin  of,  148 
paralysis  of,  180 
Muscular  asthenopia,  109 
imbalance,  158 

Musculus  ciliaris  Riolani,  232 
Mycotic  keratitis,  307 
Mydriasis,  paralytic,  33 
spastic,  32 
transient,  33 

Mydriatics,  use  of,  as  a factor  in  the  causa- 
tion of  glaucoma,  541 
use  of,  in  lenticular  cataract,  505 
Myopia,  76 

accommodation  in,  82 
accommodative,  84 
axial,  84,  85 

changes  in  the  choroid  in,  376 
complications  of,  86 
conus,  87 

fundus  changes,  87 
sclero-choroiditis,  posterior.  87 
congenital,  88 
correction  of,  81 
course  of  emergent  ravs  In.  ol 
curvature  of,  permanent,  85 
transient,  84 

external  evidence"5  of,  89 
factitious,  84 
far  point  in  80 

direct  determination  of,  124 
index,  84,  85 
near  point  in,  82 
pernicious,  88 
prescribing  glasses  for,  131 
p rogress  of,  87 
progressive,  88 
school,  88 

symptoms  of  refractive  errors  in,  109 
vision  in,  89 
Myopic  eye,  76,  80 
Myosis,  paralytic,  31,  32 
spastic,  31,  32 

Mvotics,  use  of,  in  lenticular  cataract,  505 
in  treatment  of  glaucoma,  563 
Myxoedema,  relation  of,  to  diseases  of  the 
eye,  586 

Myxoma  of  conjunctiva,  291 
of  orbit,  204 

NEAR  point  fusion,  152 
in  hyperopia,  93 
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Near  point  fusion  in  myopia,  82 
Nearsightedness,  76 
Needle,  broad  paracentesis,  506 
straight  cataract,  507 
Nerve,  fourth,  paralysis  of,  180,  183 
sixth,  paralysis  of,  179,  183 
third,  paralysis  of,  180,  182 
Nerves  of  the  choroid,  343 
ciliary,  343 

effect  of  diseases  of,  upon  the  eye,  651 
Neuralgia,  trigeminal,  relation  of,  to  dis- 
eases of  the  eye,  652 
Neurasthenia,  reversal  of  field  in,  575 
Neurectomy,  opticociliary,  operation  of,  413 
dangers  and  advantages  of,  415 
Neuritis,  multiple,  relation  of,  to  diseases 
of  the  eye,  651 
optic,  450 
spurious,  454 
retrobulbar,  456 

Neuroglia  of  the  optic  nerve,  method  of 
staining,  679 

Neuroparalytic  keratitis,  308 
Nichols’  spokeshave  knife,  756 
Night  blindness,  580 
Nodal  point,  59 

Nose,  relation  of  diseases  of,  to  diseases  of 
^ the  eye,  593 

Noyes-Gould  apparatus  in  treatment  of 
exophoria,  165 
Nuclear  cataract,  493 
Nyctalopia,  580 
Nystagmus,  188 
acquired,  189 
congenital,  188 

OCULAR  ballottement,  481 
conjunctiva,  258 
muscles,  insufficiency  of,  158 
signs  and  symptoms  attending  diseases  of 
the  brain,  465 

tension,  increased,  effects  of,  on  the  struct- 
ures of  the  eyes  and  their  respective 
functions,  528 

normal,  mechanism  for  the  mainte- 
nance of,  524 
(Edema  of  eyelids,  240 
Opacities  in  media,  diagnosis  of,  43 
parallactic  displacement  of,  43 
Operating-mask  for  practising  on  animals’ 
eyes,.  663 

Operation  of  depression  in  treatment  of  ^ 
cataract,  506 

of  solution  in  treatment  of  cataract,  507 
Operations  on  the  eye,  after-treatment  of.  664 
anaesthesia  in,  general,  659 
local,  660 
infiltration,  661 
illumination  of,  663 
position  of  operator  in,  662 
of  patient  in,  661 
preparation  of  dressings  for,  658 
of  instruments,  655 
of  patient,  653 
of  regim:  o.  operation,  654 
of  sponges,  657 


Operations  on  the  eye,  preparation  of  sur- 
geon and  assistants,  655 
of  sutures  and  ligatures,  657 
time  of  performance  of,  664 
Ophthalmia,  259 
catarrhal,  260 
chronic,  284 
Egyptian,  262,  285 
military,  262 
neonatorum,  273 
cause  of,  273 
complications  of,  274 
diagnosis  of,  274 
method  of  infection,  274 
pathology  of,  275 
prophylaxis  of,  274 
nodosa,  286 
sympathetic,  390 
etiology  of,  390 
pathology  of,  393 
prophylaxis  of,  394 
symptoms  of,  392 
Ophthalmodynamometer,  157 
Ophthalmomalacia,  379 
Ophthalmometer,  Javal  and  Schifitz’s,  114, 
115 

Ophthalmoplegia,  external,  180 
internal,  33,  180 

progressive,  relation  of,  to  diseases  of  the 
eye,  645 
total,  180 

Ophthalmoplegic  migraine,  180 
Ophthalmoscope,  37 
description  of,  38 
stationary,  40 

Ophthalmoscopic  examination,  indirect,  45 
Ophthalmoscopy,  application  of,  to  deter- 
mination of  refraction,  1 1 4 
Opium-poisoning,  acute,  'eidlon  of,  to  dis- 
eases of  the  eye,  606 
Optic  disk,  48 

cupping  of,  rs  a retnlt  of  glaucoma,  538 
ophthalmoscopic  appearance  of,  in 
absolute  glaucoma,  537 
foramen,  1.92 
nerve,  anawmy,  440 
atre  phy  of,  460,  462 
changes  in,  in  primary  glaucoma,  537 
eolohoma  of  sheath  of,  450 
congenital  peculiarities  of,  450 
development  of,  334 
fibres,  opaque,  420 
glaucomatous  excavation  of,  539 
head  of,  49 
injuries  to,  465 
radiations,  441 
section  of,  449 
in  absolute  glaucoma,  537 
sheaths  of,  441 
retained,  420 
tumors  of,  204,  464 
symptoms  of,  204 
treatment  of,  205 
neuritis,  450 
spurious,  454 
papilla,  48 
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Optic  stalk,  334 

tracts,  development  of,  334 
vesicles,  primary,  476 
Optical  systems,  compound,  63 
Opticociliary  neurectomy,  operation  ot, 

413  , ... 
dangers  and  advantages  of,  415 

Optics,  definition  of,  53 
physiological,  53 
Ora  serrata,  334 
Orbicularis  muscle,  232 
pupillary  reaction,  35 
Orbit,  anatomy  of,  192 
cellulitis  of,  194 
etiology  of,  194 
symptoms  of,  194 
treatment  of,  195 
evisceration  of,  207 
exenteration  of,  207 
foreign  bodies  in,  treatment  of,  1J9 
injuries,  treatment  of,  199 
osteitis  of,  195 
etiology  of,  195 
symptoms  of,  196 
treatment  of,  197 
periostitis  of,  195^ 
etiology  of,  195 
symptoms  of,  196 
treatment  of,  197 
sarcoma  of,  202,  203 
tumors  of,  202 

exploratory  incision  to  determine  na- 
ture of,  203 

Kronlein’s  osteoplastic  resection  m 
diagnosis  of,  204 
symptoms  of,  202 
vertical  section  through  the,  149 
Orbital  muscles,  attachment  of,  14b 
tissues,  development  of,  336 
tumors,  aneurism  by  anastomosis,  204 
angioma,  204 
chondroma,  204 
cysts,  208 
encephalocele,  207 
enchondroma,  204 
lipoma,  204 
lymphadenoma,  204 
lymphangioma,  204 
lymphoma,  204 
myxoma,  204 
osteoma,  205 
sarcoma,  206 

tumor  of  the  optic  nerve,  204 
varicose  veins,  204 

Orthophoria,  158  . 

determination  of,  by  convex  spherical 
test,  163 

Maddox’s  rod-test  for,  162 
Osseous  growth  of  conjunctiva,  259,  291 
Ossification  of  the  chounu,  380 
Osteitis  of  orbit,  195 
Osteoma  of  orbit,  20* 
treatment  of,  206 

Oxaluria,  re.rtion  of,  to  diseases  of  the  eye, 
601 

“ Oyster  shi  ckers’  keratitis,”  300,  304 


PAGENSTECIIER’S  operation  for  cor- 
rection of  ptosis,  236 
Palpebral  conjunctiva,  258 

fissure,  193  . . OQft 

Panas’  operation  for  correction  of  ptosis,  25b 
Panas-Snellen  operation  for  trichiasis,  2o3 
Pannus,  309 
carnosus,  309 
crassus,  309 
pathology  of,  309 
siccus,  309 
tenuis,  309 
treatment  of,  310 
vascularis,  309 
Panorama  asthenopia,  109 
Papillitis,  451 
Papilloma  of  caruncle,  292 
of  conjunctiva,  291 
Paraboloidal  lenses,  60 

Paracentesis  of  anterior  chamber  m treat- 
ment of  glaucoma,  563 
Paradoxical  pupillary  reaction,  3o 
Parakinesis,  158 

Parallax  test,  163  „ 

Paralysis  agitans,  relation  of,  to  diseases  ot 
the  eye,  642 
conjugate,  181 
of  convergence,  181  ^ 
of  external  rectus,  179 
of  fourth  nerve,  180,  183 
of  inferior  oblique,  181 
rectus,  181 

of  the  insane,  relation  of,  to  diseases  A 
the  eye,  640 
of  internal  rectus,  181 
of  ocular  muscles,  176 
of  sixth  nerve,  179,  183 
of  superior  oblique,  180 
rectus,  180 

of  third  nerve,  180,  \9 z 
unilateral,  of  orb  .tai  muscles,  179 
Paralytic  mydriasis,  33 
myosis,  31,  32 

Parenchymatoi.o  keratitis,  311 
Parinaud’s  conjunctivitis,  267 
Parry’s  di^eise,  208 
Para  ciliui  '«  retime,  334,  338 
iridi  *a  . rtime,  334,  335 
optica  retime,  334,  335 


OTUCa  re  i line,  oot,  uuu  . 

Pellagra,  relation  of,  to  diseases  of  the  eye, 
03 

I emphigus,  268 
cause  of,  268 

relation  of,  to  diseases  of  the  eye,  b6U 
treatment  of,  268 
Perichoroidal  space,  344,  345 
Perimeter,  measurement  of  monocular  neld 
of  fixation  by  means  of,  155 
of  squint  with,  173 
Periostitis  of  orbit,  195 
Periscopic  lenses,  61 
Perrin’s  artificial  eyes,  37 
Petit,  canal  of,  476 

Pharynx,  relation  of  diseases  of,  to  diseases 
of  the  eye,  593 
Phlyctena  pallida,  261 
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Phlyctenular  conjunctivitis,  279 
keratitis,  297 

Phosphaturia,  relation  of,  to  diseases  of  the 
eye,  601 

Phosphorus-poisoning,  relation  of,  to  dis- 
eases of  the  eye,  605 
Phthiriasis  ciliorum,  242 
relation  of,  to  diseases  of  the  eye,  630 
Phthisis  bulbi,  354,  379 
essential,  379 

Pigment,  choroidal,  function  of,  66 
retinal,  function  of,  66 
Pilocarpine-poisoning,  relation  of,  to  dis- 
eases of  the  eye,  608 
Pinguecula,  288 
Pink-eye,  268 
Placido’s  disk,  25 

application  of,  in  determining  corneal 
curvature,  114 

Plane  mirror,  use  of,  in  skiascopy,  121 
Plano-concave  lenses,  61 
Plano-convex  lenses,  61 
Plexus  annularis,  296 
Plica  semilunaris,  258 
Pneumococcic  conjunctivitis,  269 
Pneumonia,  relation  of,  to  diseases  of  the 
eye,  595 
Policoria,  348 
Polypi  of  conjunctiva,  291 
“ Pop-eye,”  89 

Porencephalus,  relation  of,  to  diseases  of 
the  eye,  645 
Posterior  chamber,  340 

exudation  into,  in  cyclitis,  352 
in  iritis,  350 
synechise,  350 

Prag’s  astigmatic  letters,  125 
Presbyopia,  69 
“ Pressure  points,”  234 
Prince’s  advancement  forceps,  187 
Principal  focus,  57 
point,  59 

Prism,  determination  of  the  axis  of,  140 
displacement  produced  by,  140 
Prismatic  fibres  of  crystalline  lens,  475 
Prisms,  action  of,  upon  retinal  images,  153 
in  treatment  of  divergent  strabismus,  175 
of  esophoria,  168 
of  exophoria,  165 
of  hyperphoria,  170 
Pseudoglioma  of  the  vitreous,  387 
Psoriasis,  relation  of,  to  diseases  of  the  „ye,  I 

Ool 

Pterygium,  288 
diagnosis  of,  289 
recurrences  of,  290 
treatment  of,  289 

Ptomaine-poisoning,  relation  of,  to  diseases 
of  the  eye,  608 
Ptosis,  180,  234 
acquired,  235 
adiposa,  235 
atonica,  235 
cerebral,  182 
paralytic,  235 
treatment  of,  235 


Ptosis,  treatment  of,  Wolff’s  operation,  236 
unilateral,  182 
Puncta  lacrymalia,  214 
atresia  of,  219 

Punctilio  proximum  of  convergence,  157 
I remotum  of  convergence,  157 
1 Pupil,  accommodation  and  convergence 
reflex  of,  31 
Argyll-Robertson,  32 
associated  reaction  of,  31 
cerebral  cortex  reflex  of,  34 
color  of,  29 

consensual  reflex  of,  30 
direct  light  reflex  of,  30 
exclusion  of,  350 
indirect  reflex  of,  30 
occlusion  of,  350 

following  extraction  of  cataract,  521 
operations  for  enlargement  of,  365 
for  occlusion  of,  369 
shape  of,  29  . 
variations  in  size  of,  29 
Pupillary  membrane,  persisting,  333,  346 
reaction,  orbicular,  35 
paradoxical,  35 

Pupils,  separation  of,  from  each  other,  29 
Purpura,  relation  of,  to  diseases  of  the  eve, 
631  J ’ 

Pustule,  malignant,  relation  of,  to  diseases 
of  the  eye,  611 

Pyamiia,  relation  of,  to  diseases  of  the  eye 
611 

Pyiemic  retinitis,  430 
QUININE  amblyopia,  461 

Racemose  staphyloma,  bi  7 

Radial  fibres  of  Muii’n,  334 
Real  focus,  57 
Red  blindness,  570 
glass  test  in  h jterophoria,  160 
Red-green  blindness,  570 
Reflex  amblyopia,  579 
consensual,  of  pupil,  30 
corneal,  examination  of  the,  24 
direct  ii?ht,  of  pupil,  30 
fundus,  42 
ITaab’s  34 

indirect,  of  pupil,  30 
iridoplegia,  32 
unilateral,  32 

of  pupil,  accommodation  and  conver- 
gence, 31 
streak,  50 
Refraction,  56 

absolute,  in  astigmatism,  100 
cardinal  points,  59 
collective,  58 

formation  of  images  by,  59 
at  curved  surfaces,  56 
dispersive,  58 

determination  of,  application  of  ophthal- 
moscopy to,  116 
conditions  governing,  119 
by  direct  illumination,  117  , 
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Refraction,  determination  of,  by  the  direct 
method,  118 

by  the  indirect  method,  117 
errors  of,  as  a factor  in  the  causation  of 
glaucoma,  540 

general  rules  for  examining  with  the 
trial  case,  126 
lens,  60 

cardinal  points  in,  62 
subjective  tests  for,  124 

astigmatic  clock-face,  125 
direct  determination  of  the  far  point 
in  myopia,  124 
test-cards,  126 
trial  case,  126 

Refractive  condition,  estimation  of,  by 
means  of  test-letters,  73 
errors,  hygienic  treatment  of,  141 
objective  tests  for,  111 
subjective  tests  for,  111 
symptoms  of,  108 
in  astigmatism,  110 
in  hyperopia,  110 
in  myopia,  109 

use  of  cycloplegics  in  determining,  112 
index,  relative,  56 

Regressive  disturbances  of  nutrition,  723 

Reik’s  formalin  sterilizer,  657 

Relapsing  fever,  relation  of,  to  diseases  of 
the  eye,  617 

Respiratory  tract,  effects  of  diseases  of, 
upon  the  eye,  593 

Retina,  anatomy  of,  417 
atrophy  of,  422,  433 

changes  in  the,  in  primary  glaucoma, 
533 

congenital  pigmentation  of,  439 
cysticercus  of,  438 
detachment  of,  435 

glaucoma  following,  551 
development  of,  333,  334 
distribution  of  vessels  of,  50 
effect  of  light  upon,  433 
embolism  of  central  artery  of,  431 
glioma  of,  438,  439 
hexagonal  pigment  cells  of,  341 
injuries  of,  438 
scheme  of  structure  of,  418 
thrombosis  of  central  artery  of,  433 
Retinal  asthenopia,  109 

image,  mental  projection  and  rectification 
of,  66 

pigment,  function  of  the,  66 
veins,  glaucoma  following  throml osis  of, 
552 

Retinitis,  albuminuric,  423,  425 
circinata,  431 
degenerative,  424 
diabetic,  426 

hemorrhagic,  427,  428,  429 
inflammatory,  424 
leukaemic,  427 
pigmentosa,  4;>t 
proliferans,  430 
pyaemic.  430 
striata,  J30 


Retinitis,  syphilitic,  421 
thrombotic,  427,  428,  429 
Retrobulbar  neuritis,  456 
Rhaehitic  teeth,  313 

Rhachitis,  relation  of,  to  diseases  of  the  eye, 
585 

Rheumatism,  relation  of,  to  diseases  of  the 
eye,  612 

Richet’s  operation  for  ectropion,  255,  256 
Ring,  choroidal,  48 
scleral,  48 

Ring’s  eye  mask,  658 
“ Ripe  ” cataract,  489 
Rislcy’s  rotary  prism,  161 
Rupture  of  choroid,  384 

SANTONIN-POISONING,  relation  of,  to 
diseases  of  the  eye,  607 
Sarcoma  of  choroid,  380 
of  conjunctiva,  292 
of  orbit,  202,  203,  206 
treatment  of,  207 

Scarlatina,  relation  of,  to  diseases  of  the  eye, 
613 

Schleich’s  infiltration  anaesthesia  in  opera- 
tions on  the  eye,  661 
Schlemm’s  canal,  325,  339,  343,  344,  345 
“ School  myopia,”  88 
Sclera,  324 
anatomy  of,  324 
development  of,  335 
foreign  bodies  in,  330 
injuries  to,  329 
lacerating  wounds  of,  329 
rupture  of,  330 
staphyloma  of,  328 
syphilis  of,  328 
treatment  of,  329 
Scleral  ectasiae,  328 
causes  of,  328 
ectasis,  treatment  of,  o2b 
ring,  48 
Scleritis,  325 
deep,  326 
scrofulous,  327 

Sclero-chcrriditis  posterior,  87 
Sclero-keraio-iritis,  327 
symptoms  of,  327 
treatment  of,  327 

Sclerosis,  diffuse  cerebral,  relation  of,  to 
diseases  of  the  eye,  642 
disseminated,  relation  of,  to  diseases  of 
the  eye,  642 

Sclerotic,  changes  in  the,  in  primary  glau- 
coma, 528 

Sclerotomy,  anterior,  in  treatment  of  glau- 
coma, 561 

posterior,  in  treatment  of  glaucoma,  562 
Scopolamine,  use  of,  as  a mydriatic,  112 
Scopolamine-poisoning,  relation  of,  to  dis- 
eases of  the  eye,  607 
Scotoma,  449 

central,  in  toxic  amblyopia,  448 
negative,  450 
positive,  450 
scintillating,  579 
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Scotomata  in  disseminated  choroiditis,  448 
Seborrhcea,  relation  of,  to  diseases  of  the 
eye,  630 

“ Second  sight/’  492 
Senile  cataract,  488,  489,  490,  491 
Septicaemia,  i elation  of,  to  diseases  of  the 
eye,  611 

Sexual  organs,  effects  of  diseases  of,  upon 
the  eye,  601 
Shadow  test,  120 
Siderosis,  403 

Silver  salts,  poisoning  by,  relation  of,  to 
diseases  of  the  eye,  605 
Sinuses,  ethmoidal,  affections  of,  treatment 
of,  213 

sphenoidal,  affections  of,  treatment  of,  213 
Skiascopy,  120 

application  of,  with  the  concave  mirror, 1 20 
with  the  plane  mirror,  121 
central  and  peripheral  shadows,  123 
character  of  the  reflex,  122 
as  a confirmatory  test,  124 
determination  of  astigmatism  by,  122 
of  irregular  astigmatism  by,  1.23 
distance  at  which  test  is  made,  122 
point  of  reversal,  120 
testing  the  result,  122 
use  of  cycloplegics,  124 
Skin,  diseases  of  the,  effects  of,  upon  the 
eye,  629 

Skull,  deformities  of,  relation  of,  to  diseases 
of  the  eye,  644 

Snellen’s  transparent  test-letters,  use  of,  in 
detection  of  simulated  amblyopia,  577 
Snow  blindness,  581 
Spasmodic  entropion,  249 
heterophoria,  184 
Spastic  heterophoria,  184 
mydriasis,  32 
myosis,  31,  32 
Speculum,  eye,  506 

Spencer  Watson’s  method  in  treatment  of 
trichiasis,  248 

Sphenoidal  sinus,  affections  of,  treatment 
of,  213 

relation  of  diseases  of,  to  diseases  of  the 
eye,  594 

Spherical  aberration,  65 
lenses,  60 

Sphero-cylinder,  104 
Sphincterolysis  anterior,  370 
Spinal  cord,  effects  of  diseases  of,  u >on  the 
eye,  645 

t of  injuries  to,  upon  the  evc.  651 
Splenic  fever,  relation  of,  to  diseases  of  the 
eye,  611 

Spring  catarrh,  261 
Squint,  172 
constant,  172 
convergent,  172 
external,  175 

measurement  of  with  perimeter,  173 
monocular  172 

Staphylocoecu  ’ pyogenes  aureus,  descrip- 
tion ai  (*  pathological  significance  in  dis- 
eases oi  the  eye,  684 


Staphyloma,  317 
consequences  of,  318 
pellucida,  319 
primary,  317 
racemose,  317 
of  sclera,  328 
secondary,  317 
treatment  of,  318 
Staphylotomy,  370 

Stellwag’s  sign  in  exophthalmic  goitre,  209 
Stereoscope,  use  of  the,  in  heterotropia,  190 
Stevens’  phorometer,  160,  161 
tropometer,  156 
Strabismus,  172 
alternating  convergent,  174 
diagnosis  of,  174 
symptoms  of,  174 
treatment  of,  175 
divergent,  175 
etiology  of,  175 
symptoms  of,  175 
treatment  of,  175 
dynamic,  158 
hooks,  413 

internal  or  convergent,  diagnosis  of,  172 
symptoms  of,  172 
treatment  of,  173 

Streatfeild  operation  for  trichiasis,  253 
Streptococcus  pyogenes,  description  and 
pathological  significance  in  diseases  of 
the  eye,  684 
Stroschein’s  flask,  661 
Stye,  242 
Styles,  229 

Subhyaloid  hemorrhage,  430 
Substantia  propria,  295 
Sulcus  sclene,  294 

Sulphonal-poisoning,  relation  of,  to  diseases 
of  the  eye,  606 

Supraduction,  measmenient  of,  154 
Supra-orbital  notch,  92 
Supravaginal  spac  ?,  345 
Sursumver^encc,  152 

Sweet’s  apparatus  for  localizing  foreign 
bodies  in  the  eye,  406 
Symblopharon,  255,  293 
toe:  tnent  of,  293 
S>mi,athetic  ophthalmia,  390 
SyncLisis  corporis  vitrei,  387 
scintillans,  387 

Synechia?,  anterior,  of  hyaloid  membrane 
of  the  vitreous,  glaucoma  following, 

of  iris,  glaucoma  following,  547 
of  lens  capsule,  glaucoma  following, 
548 

posterior,  350 
annular,  350 

of  iris,  glaucoma  following,  546 
total  posterior,  352 

Syphilis,  congenital,  relation  of,  to  diseases 
of  the  eye,  626 
of  conjunctiva,  283 
of  eyelids,  241 

inherited,  permanent  incisors  in,  313 
relation  of,  to  diseases  of  the  eye,  621 
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Syphilis  of  sclera,  328 
Syphilitic  chorioretinitis,  374 
iritis,  355 
retinitis,  421 

Syringomyelia,  relation  of,  to  diseases  of 
the  eye,  645 

TABES  dorsalis,  relation  of,  to  diseases  of 
the  eye,  645 

Taenia  mediocanellata  in  the  vitreous,  388 
Tarsal  asthenopia,  109 
conjunctiva,  258 
Tarsi,  231 

Tarsitis  syphilitica,  241 
Tarsorrhaphy,  232 
Tenonitis,  197 
Tenon’s  capsule,  149 
space,  344,  345 

Tenotomy,  partial,  in  treatment  of  eso- 
phoria,  168 

in  treatment  of  exophoria,  106 
of  hyperphoria,  171 

Tension,  normal  ocular,  mechanism  for  the 
maintenance  of,  524 

ocular,  effect  of  increased,  on  the  struct- 
ures of  the  eye  and  their  respective 
functions,  528 

method  of  indicating  degrees  of,  36 
Test,  red  glass,  160 
touch,  177 

Test-cards,  use  of,  in  determining  refraction, 
126 

Test-letters,  estimation  of  accommodative 
power  by  means  of,  73 
of  refractive  condition  by  means  of,.  73 
method  of  measuring  visual  acuity  with, 
72 

Theobald’s  probes,  219 
Thomson’s  modification  of  Holmgren’s 
wool-test  for  detection  of  color  blindness, 
572 

Thrombosis  of  cavernous  sinus,  201 
of  central  artery  of  retina,  433 
of  cerebral  vessels,  relation  of,  to  diseases 
of  the  eye,  633 

of  retinal  veins,  glaucoma  following,  552 
Thrombotic  retinitis,  427,  428,  429 
Todd’s  “ tucker,”  189 
Tonometers,  36 
Toric  lenses,  60 
“ Touch  test,”  177 

Toxalbumin-poisoning,  relation  of,  to  d*> 
eases  of  the  eye,  608 

Trachea,  relation  of  diseases  of,  to  diseases 
of  the  eye,  595 
Trachoma,  262 
Treatment  of  albinism,  371 
of  benign  tumors  of  iris,  35C 
of  blepharitis,  242 
of  blepharospasm,  234 
of  blood-staining  of  cornea,  322 
of  cataract,  503 
complicated,  5jt> 
lenticular,  504 
traumatic  483 
zonular,  501 


Treatment  of  cellulitis  of  orbit,  195 
of  chalazion,  243 
of  choroidal  coloboma,  371 
of  choroiditis,  acute  exudative,  373 
suppurative,  378 

of  congenital  anomalies  of  the  eyelids, 
238 

of  conjugate  paralysis,  182 
of  conjunctivitis,  acute  contagious,  269 
chronic,  285 
diphtheritic,  277 
follicular,  262^ 
gonorrhoeal,  272 
granular,  265 
lacrymal,  260 
lithiasis,  261 
membranous,  278 
phlyctenular,  281 
simple,  260 
subacute,  270 
toxic,  286 
vernal,  262 
of  cyclitis,  356 
of  cyclophoria,  171 
of  dacryoadenitis,  acute,  216 
chronic,  216 
of  dacryocystitis,  228 
of  emphysema  of  conjunctiva,  287 
of  entozoa  in  vitreous  humor,  389 
of  epiphora,  221 
of  episcleritis,  325 
persistent,  326 
of  esophoria,  167 
of  exophoria,  165 
of  exophthalmic  goitre,  209 
of  fistula  of  cornea,  306 
of  foreign  bodies  in  cornea,  32? 
in  orbit,  199 

of  glaucoma,  primary,  553 
of  gout  of  the  conjunctiva,  267 
of  hemorrhage  into  vitreous  humor,  388 
of  herpes  comeae,  M0 
of  hya litis,  386 

hygienic,  of  refractive  errors,  141 
of  injuries  of  co  ljunctiva,  287 
of  orbb,  199 
of  iritis  356 
dial  eti  "a,  358 
gonorrhoeica,  358 
rhcumatica,  358 
syphilitic,  358 
of  keratectasia,  319 
of  keratitis,  bullous,  311 
deep  vascular,  316 
desiccation,  308 
eczematous,  299 
filamentous,  306 
marginal,  302 
neuroparalytic,  309 
parenchymatous,  314 
sclerosing,  315 
of  keratoconus,  320 
of  lagophthalmos,  233 
of  loss  of  vitreous  humor,  388 
of  lymphangiectasis,  290 
of  malignant  tumors  of  iris,  360 


XX 


INDEX. 


Treatment  of  mucocele,  211,  224 
in  infants,  226 

of  opacities  in  vitreous  humor,  386 
of  ophthalmia  neonatorum,  275 
of  osteitis  of  orbit,  197 
of  osteoma  of  orbit,  206 
of  pemphigus,  268 
of  periostitis  of  orbit,  197 
of  pterygium,  289 
of  ptosis,  235 

of  pulsating  exophthalmos,  200 
of  rupture  of  choroid,  384 
of  sarcoma  of  orbit,  207 
of  scleral  ectasiae,  328 
of  sclero-kerato-iritis,  327 
of  staphyloma,  318 

of  strabismus,  alternating  convergent,  175 
divergent,  175 
internal  convergent,  173 
of  striated  opacities  of  cornea,  316 
of  symblepharon,  293 
of  sympathetic  ophthalmia, 396 
of  syphilis  of  sclera,  329 
of  thrombosis  of  cavernous  sinus,  202 
of  trichiasis,  248 
of  tumors  of  optic  nerves,  205 
Trial  case,  use  of,  in  determining  refrac- 
tion, 126 

Trichiasis,  treatment  of,  248 
Trochlearis  palsy,  180 
Trophoneuroses,  effect  of,  upon  the  eye,  649 
Tscherning’s  theory  of  the  mechanism  ot 
accommodation,  68 

Tubercular  meningitis,  relation  of,  to  dis- 
eases of  the  eye,  639 
Tuberculosis  of  conjunctiva,  282 

relation  of,  to  diseases  of  the  eye,  628 
Tumores  cavernosi  of  eyelids,  244 
Tunica  vasculosa  lentis,  332 
Typhoid  fever,  relation  of,  to  diseases  of  the 
eye,  616 

Typhus  fever,  relation  of,  to  diseases  of  the 
eye,  617 

recurrens,  relation  of,  to  diseases  of  the 
eye,  617 

Tyrell’s  blunt  hook,  511 

UNILATERAL  paralysis  of  the  orbital 
muscles,  179 
reflex  iridoplegia,  32 
Uraemic  amaurosis,  424 
amblyopia.  577 

Uric-acid  diathesis,  relation  of,  to  cdseajes 
of  the  eye,  601 

Urinary  organs,  effects  of  disease-  of,  upon 
the  eye,  598 

Urticaria,  relation  of,  to  dis^a*  of  the  eve, 
631 

Uvea,  anatomy  and  physiology  of,  336 
nerves  of,  343 

Uveal  tract,  develop  ment  of,  335 
Uveitis,  anterior,  327 

VACCINATION,  relation  of,  to  diseases 
of  the  eve,  616 
Vaccinia  of  the  eyelid,  240 


Valve,  Hasner’s,  216 

Van  Gieson’s  method  for  preparing  sections 
of  the  eyeball,  676 

Van  Milligen  operation  for  trichiasis,  252 
Varicella,  relation  of,  to  diseases  of  the  eye, 
616 

Varicose  veins  in  the  orbit,  204 
Variola,  relation  of,  to  diseases  of  the  eve, 
614 

Variolous  eruptions  upon  the  eyelids,  240 
Veasey’s  portable  sterilizer,  656 
Vernal  conjunctivitis,  261 
Virtual  focus,  57 
Vision  in  astigmatism,  101 
binocular,  74 
cells,  334 

disturbances  of,  without  apparent  lesion, 
568 


physiology  of,  53 
Visual  acuity,  71 

exceeding  the  standard,  73 
method  of  measuring,  with  test-letters, 
72 

angle,  71 

field,  eccentric  contraction  of,  in  gray 
atrophy  of  optic  nerve,  446 
homonymous  quadrant  hemianopsia, 
447 

normal,  445 

sensation,  duration  of  the,  74 
Vitreous  humor,  bloodvessel  formation  in, 
387 


changes  in  the,  in  primary  glaucoma, 
533 


cholesterin  crystals  in,  387 
congenital  anomalies  of,  385 
degenerations  of,  387 
detachment  of,  387 
development  of,  333 
entozoa  in,  388 
treatment  of,  b89 
exudation  mio,  in  cvclitis,  352 
fatty  degenera  tion  of,  387 
fluidity  of,  387 
hemorrhage  into,  388 
treatment  of,  388 
injuries  of,  387 
Ions  of,  387 
treatment  of,  388 
macroscopic  anatomy,  384 
microscopic  anatomy,  385 
opacities  in  the,  385 
treatment  of,  386 
physiology  of,  384 
pseudoglioma  of,  387 
Von  Graefe’s  cystotome,  511 
linear  knife,  364 
sign  in  exophthalmic  goitre,  209 


TITEBER’S  canaliculus  knife,  222 
t t Weeks’  scarificator,  266 
Weigert’s  method  for  staining  nerve  sheaths. 
677 

Wernicke’s  sign,  34 

Whooping-cough,  relation  of,  to  diseases  of 
the  eye,  620 
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Wilder's  operation  for  correction  of  ptosis, 
237 

Wilkinson's  disease,  relation  of,  to  diseases 
of  the  eye,  642 

Wolfe’s  method  of  blepharoplasty, 

Wolff’s  operation  for  correction  of  ptosis, 
236 

X-RAYS,  use  of,  in  locating  foreign 
bodies  in  the  eye,  405 
Xanthelasma,  244 
Xanthoma  palpebrarum,  592 
Xerophthalmia,  285 
Xerosis  bacillus,  684 
epithelialis,  278 
cause  of,  278 
complications  of,  279 
description  and  symptoms  of,  278 


Xerosis  epithelialis,  diagnosis  of,  279 
pathology  of,  279 
treatment  of,  279 
infantilis,  278 
triangularis,  278 

YELLOW  fever,  relation  of,  to  diseases 
of  the  eye,  621  . . 

Young- Helmholtz  theory  of  color  vision, 
570 

of  production  of  color,  54 

ZEISS,  glands  of,  231 

Ziegler’s  prism-scale,  140 
Zinn,  zonule  of,  340,  476 
Zonular  cataract,  499,  504 
Zonule  of  Zinn,  340,  476 
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M.D.  8vo.  461  pages,  with  84  illustrations.  Cloth,  $b  75. 

CROCKETT  (M.  A.).  A POCKET  TEXT-BOOK  OF  DISEASES  OF 
WOMEN.  12mo.  of  368  pages,  with  107  i l1  •;&  "rations.  Cloth,  $1.50,  net.  Flexible 
Red  Leather,  $2.00,  net.  Lea's  Series  of  Pocke,  Text- Books.  Page  12. 

CROOK  (JAMES  K.).  MINERAL  WATERS  OF  UNITED  STATES.  Octavo, 
574  pages.  Cloth,  $3.50,  net. 

CULBRETH  (DAVID  M.  R.)  MATERIA  MEDIC  A AND  PHARMACOLOG  Y. 
Third  edition.  Octavo,  906  pages,  with  473  engravings.  Cloth,  $4.75,  net. 

CUSHNY  (ARTHUR  ?,.)  PHARMACOLOGY  AND  THERAPEUTICS.  Third 
edition.  Octavo  of  750  pages,  with  52  illustrations.  Cloth,  $3.75  ; leather,  $4.75,  net. 

DALTON  (JOHN  C.).  A TREATISE  ON  HUMAN  PHYSIOLOGY.  Seventh 
edition,  thoroughly  revised.  Octavo  of  722  pages, with  252  engravings.  Cloth,  $5;  leather, $6. 
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DALTON  (JOHN  C.).  DOCTRINES  OF  THE  CIRCULATION  OF  THE 
BLOOD.  In  one  handsome  12mo.  volume  of  293  pages.  Cloth,  $2. 

DAVENPORT  (F.  H.).  DISEASES  OF  WOMEN.  Fourth  edition.  12mo.,  402 
pages  and  154  engravings.  Cloth,  $1.75,  net. 

DAVIS  (F.  H.).  LECTURES  ON  CLINICAL  MEDICINE.  Second  edition.  In 
one  12mo.  volume  of  287  pages.  Cloth,  $1.75. 

DAVIS  (EDWARD  P.).  A TREATISE  ON  OBSTETRICS.  Octavo,  546  pages, 
with  217  engravings,  and  30  full-page  plates  in  colors  and  monochrome.  Cloth,  $5; 
leather,  $6. 

DE  LA  BECHE’S  GEOLOGICAL  OBSERVER.  In  one  large  octavo  volume  of  700 
pages,  with  300  engravings.  Cloth,  $4. 

DENNIS  (FREDERIC  S.)  AND  BILLINGS  (JOHN  S.).  A SYSTEM  OF 
SURGERY.  In  Contributions  by  American  Authors.  In  four  very  handsome  octavo 
volumes,  containing  3652  pages,  with  1585  engravings,  and  45  full-page  plates  in  Colors 
and  monochrome.  Per  volume,  cloth,  $6 ; leather,  $7 ; half  morocco,  gilt  back  and 
top,  $8.50.  For  sale  by  subscription  only.  Full  prospectus  free. 

DERCUM  (FRANCIS  X.).  Editor.  A TEXT-BOOK  ON  NERVOUS  DIS- 
EASES. By  American  Authors.  Octavo,  1054  pages,  with  341  engravings  and  7 
colored  plates. 

DE  SCHWEINITZ  (GEORGE  E.).  THE  TOXIC  AMBLYOPIAS.  Very  hand- 
some octavo,  240  pages,  46  engravings,  and  9 full-page  plates  in  colors.  De  luxe  bind- 
ing,  $4,  net. 

DRAPER  (JOHN  C.).  MEDICAL  PHYSICS.  A Text-book  for  Students  and  Prac- 
titioners of  Medicine.  Octavo  of  734  pages,  with  376  engravings.  Cloth,  $4. 

DRUITT  (ROBERT).  THE  PRINCIPLES  AND  PRACTICE  OF  MO  PERN 
SURGERY.  From  the  twelfth  London  edition,  edited  by  Stanley  Boy"  7.R.C.S. 
Large  octavo,  965  pages,  with  373  engravings.  Cloth,  $4 ; leather,  $5. 

DUANE  (ALEXANDER).  A DICTIONARY  OF  MEDICINE  aND  THE 
ALLIED  SCIENCES.  Comprising  the  Pronunciation,  Derivation  and  Full  Explan- 
ation of  Medical,  Dental,  Pharmaceutical  and  Veterinary  Termi . Togother#with  much 
Collateral  Descriptive  Matter,  Numerous  Tables,  etc.  Fourth  edition,  with  Appendix. 
Square  octavo  volume  of  688  pages  with  8 colored  plates  d thumb  index.  Cloth, 
$3.00,  net ; limp  leather,  $4.00,  net. 

DUDLEY  (E.  0.).  PRINCIPLES  AND  PRACTICE  CF  GYNECOLOGY.  Third 
edition.  Octavo,  756  pages,  with  474  engravings,  cf  vtnch  60  are  colored,  and  22  full 
page  plates  in  colors  and  monochrome.  Cloth,  jr5.vd/  net;  leather,  $6.00,  net ; half 
morocco,  $6.50,  net. 

DUNGLISON  (ROBLEY).  A DICTIONARY  OF  MEDICAL  SCIENCE.  Con- 
taining a full  Explanation  of  the  Variois  Subjects  and  Terms  of  Anatomy,  Physiology, 
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Pathology,  Surgery,  Ophthalmologv,  O ology,  Laryngology,  Dermatology,  Gynecology, 
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By  Robley  Dunglison,  M.D  t J .D.,  late  Professor  of  Institutes  of  Medicine  in  the 
Jefferson  Medical  College  uf  Philadelphia.  Edited  by  Richard  J.  Dunglison,  A.M., 
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450  pages,  with  360  illustrations.  Cloth,  $3.25,  net. 
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$3.50,  net. 

REGIONAL  ANATOMY  OF  THE  HEAD  AND  NECK  FOR  STUDENTS 

AND  PRACTITIONERS.  Octavo,  240  pages,  with  36  engravings  and  20  plates  in 
black  and  colors.  Cloth,  $2.50,  net. 

EDES  (ROBERT  T.).  TEXT-BOOK  OF  THERAPEUTICS  AND  MATERIA 
MEDIC  A.  In  one  8vo.  volume  of  544  pages.  Cloth,  $3.50 ; leather,  $4.50. 

EDTS  (ARTHUR  W.).  DISEASES  OF  WOMEN.  8vo.,  576  pages,  with  148 
engravings.  Cloth,  $3 ; leather,  $4. 

EGBERT  (SENECA).  HYGIENE  AND  SANITATION.  Second  edition.  In 
one  12mo.  volume  of ‘427  pages,  with  77  illustrations.  Cloth,  $2.25,  net. 

ELLIS  (GEORGE  VINER).  DEMONSTRATIONS  IN  ANATOMY.  Eighth 
edition.  Octavo,  716  pages,  with  249  engravings.  Cloth,  $4.25 ; leather,  $5.25. 

EMMET  (THOMAS  ADDIS).  THE  PRINCIPLES  AND  PRACTICE  OF 
G YNjECOLOGY.  For  the  use  of  Students  and  Practitioners.  Third  edition,  enlarged 
and  revised.  8vo.  of  880  pages,  with  150  original  engravings.  Cloth,  $5 ; leather,  $6. 

ERICHSEN  (JOHN  E.).  THE  SCIENCE  AND  ART  OF  SURGERY.  From 
the  eighth  enlarged  and  revised  London  edition.  In  two  large  octavo  vobome^  containing 
2316  pages,  with  984  engravings.  Cloth,  $9 ; leather,  $11. 

ESSIG  (CHARLES  J.).  PROSTHETIC  DENTISTRY.  Second  Edition.  See 
American  Text-books  of  Dentistry,  page  2. 

ESSIG  (C!j.)  AND  KOENIG  (AUGUSTUS).  DENTAL  METALLURGY.  Fourth 
edition.  12mo.  277  pages  with  143  engravings.  Cloth,  $i  75,  net. 

EVANS  (DAVID  J.).  A POCKET  TEXT-BO  )K  OF  OBSTETRICS.  12mo. 
of  409  pages,  with  148  illustrations.  Cloth,  $1.75/  net;  limp  leather,  $2.25,  net.  Lea’s 
Series  of  Pocket  Text-Books.  Page  12. 

EWING  (JAMES).  A PRACTICAL  TREATISE  ON  THE  BLOOD.  Octavo, 
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FARQUHARSON  (ROBERT).  A GUIDE  TO  THERAPEUTICS.  Fourth 
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FLINT  (AUSi:N).  A TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE 
OF  MED 1 CINE.  Seventh  edition,  thoroughly  revised  by  Frederick  P.  Henry,  M.D. 
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Philadelphia,  706 , 708  and  710  Sansom  St. — New  York,  111  Fifth  Avenue. 


lea  brothers  & co:s  PUBLICATIONS. 


7 
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edition,  enlarged.  Octavo,  550  pages.  Cloth,  $4. 

MEDICAL  ESSA  YS.  In  one  12mo.  volume  of  210  pages.  Cloth,  $1.38. 

0N  THE  CHEST  AND  RESPIRATORY  ORGANS.  Second  and  revised 

edition.  Octavo,  591  pages.  Cloth,  $4.50. 

__ ON  PHTHISIS.  In  one  8vo.  volume  of  442  pages.  Cloth,  $3.50. 

FOLSOM  (0.  F.).  AN  ABSTRACT  OF  STATUTES  OF  U.  NON  CUSTODY 
0 F THE  INSANE.  In  one  8vo.  volume  of  108  pages.  Cloth,  $1.50. 


FORMULARY,  THE  NATIONAL.  See  National  Dispensatory.  Page  14. 
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FOWNES  (GEORGE).  A MANUAL  OF  ELEMENTARY  CHEMISTRY. 
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1061  pages,  with  168  engravings,  and  1 colored  plate.  Cloth,  $2.75 ; leather,  $3.25. 

FRANKLAND  (E  )"AND  JAPP  (F.  R.).  INORGANIC  CHEMISTRY.  Octavo, 
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GALLAUDET  (BERN  B.).  'A  { POCKET  TEXT-BOOK  OF  SURGERY 
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GANT  (FREDERICK  JAMES).  THE  STUDENT’S  SURGERY.  A Multumin 
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Authors.  Edited  by  Frederic  H.  Gerrish,  M.D.  Second  edition.  Imp.  octavo, 
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GIBBES 

TO  LOG 


(HENEAGE).  PRACTICAL  PATHOLOGY  AND  MORBID  HIS- 
Y.  Octavo  of  314  pages,  with  60  illusions,  mostly  photographic.  Cloth,  $2.75. 
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GROSS  (SAMUEL  D.).  THE  URINARY  BLADDER , THE  PROSTATE 
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M.D.  Octavo  of  574  pages,  with  170  illustrations.  Cloth,  $4.50. 
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HERTER  (C.  A.).  LECTURES  ON  CHEMICAL  PATHOLOGY.  In  one 
12  mo.  volume  of  454  pages.  Cloth,  $1.  /5,  net. 
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656  pages,  with  1 engraving  and  9 double-page  chromo-lithographic  plates.  vJoih,  $6. 

JEWETT  (CHARLES).  ESSENTIALS  OF  OBSTETRICS.  Sectnd  edition. 
12mo.,  385  pages,  with  80  engravings  and  5 colored  plates.  Cloth.  3-25,  net. 

THE  PR  A CTICE  OF  OBSTETRICS.  By  American  A athc  rs  Second  edition. 
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One  octavo  volume  of  775  pages,  with  445  engravings  m bk-k  and  colors,  and  6b 
full-page  colored  plates.  Cloth,  $5.00;  leather,  $6.00;  half  morocco,  $6.50. 

JTJLER  (HENRY).  A HANDBOOK  OF  OPHTHALMIC  SCIENCE  A ND 
PRACTICE.  Second  edition.  Octavo,  549  pages,  vi.h  201  engravings,  17  chromo- 
lithographic  plates,  test-types  and  Color-Blindness  T°b  Cloth,  $5.50;  leather,  $6.50. 

KELLY  (A.  0.  J.)  A MANUAL  OF  THl  PUACTICE  OF  MEDICINE. 
Octavo,  about  600  pages,  illustrated.  Preparl 

KIRK  (EDWARD  C.).  OPERATIVE  DENTISTRY.  Second  edition.  See 
American  Text-books  of  Dentistry , page  2 

KING  (A.  F.  A.).  A MANUAL  OF  OBSTETRICS.  Eighth  edition.  In  one 
12mo.  volume  of  612  pages,  with  261  illustrations.  Cloth,  $2.50,  net. 

KLEIN  (E.).  ELEMENTS  OF  HISTOLOGY.  Fifth  edition.  In  one  pocket-size 
12mo.  volume  of  506  pages,  with  296  engravings.  Cloth,  $2.00,  net.  Students  Series  of 
Manuals.  Page  15. 

KOPLIK  (HENRY).  DISEASES  OF  INFANCY  AND  CHILDHOOD.  Octavo, 
675  pages  with  169  en, -ravings  and  32  plates  in  black  and  colors.  Cloth,  $5.00  ; leather, 
$6.00,  net . Jusf  P.^adj. 

KUSTNER  (G^TOj  AND  BEYEA  (HENRY  D.).  A TEXT-BOOK  OF  GYNE- 
COLOGY. Oi  iavo,  400  page*,  with  260  engravings.  Preparing. 
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LANDIS  (HENRY  G.).  THE  MANAGEMENT  OF  LABOR . In  one  handsome 
12mo.  volume  of  329  pages,  with  28  illustrations.  Cloth,  $1.75. 

LA  ROCHE  (R.).  YELLOW  FEVER.  In  two  8vo.  volumes  of  1468  pages. 
Cloth,  $7. 

LEA  (HENRY  C.).  CHAPTERS  FROM  THE  RELIGIOUS  HISTORY  OF 
SPAIN;  CENSORSHIP  OF  THE  PRESS;  MYSTICS  AND  ILLUMINATI; 
THE  ENDEMONIADAS ; EL  SANTO  NINO  DE  LA  GUARDIA ; BRI- 
AND  A DE  BARDAXI.  In  one  12mo.  volume  of  522  pages.  Cloth,  $2.50. 

A HISTORY  OF  AURICULAR  CONFESSION  AND  INDULGENCES 

IN  THE  LATIN  CHURCH.  In  three  octavo  volumes  of  about  500  pages  each. 
Per  volume,  cloth,  $3. 

THE  MORISCOS  OF  SPAIN:  THEIR  CONVERSION  AND  EXPULSION. 

In  one  royal  12mo.  volume  of  about  425  pages.  Extra  cloth,  $2.25,  net . 

STUDIES  IN  CHURCH  HISTORY.  New  edition.  12mo  , 605  pages. 

Cloth,  $2.50. 

SUPERSTITION  AND  FORCE;  ESSAYS  ON  THE  WAGER  OF  LAW > 

THE  WAGER  OF  BATTLE , THE  ORDEAL  AND  TORTURE.  Fourth 
edition,  thoroughly  revised.  In  one  royal  12mo.  volume  of  629  pages.  Cloth,  $2.75.  , 

LEA'S  SERIES  OF  MEDICAL  EPITOMES.  Covering  the  entire  field  of  medicine 
and  surgery  in  twenty  convenient  volumes  of  about  250  pages  each,  amply  illustrated 
and  written  by  prominent  teachers  and  specialists.  Compendious,  authoritative  and 
modern.  Following  each  chapter  is  a series  of  questions  which  will  be  found  convenient 
in  quizzing.  The  Series  is  constituted  as  follows  : 

Hale’s  Anatomy.  Guenther’s  Physiology.  McGlannan’s  Chemistry  and  Physics. 
Kiepe’s  Materia  Medica  and  Therapeutics.  Dayton’s  Practice  of  Medicine.  Hollis’s 
Physical  Diagnosis.  Arneill’s  Clinical  Diagnosis  and  Urinalysis.  Nagle’s  Nervous  and 
Mental  Diseases.  Wathen’s  Histology.  Stenhouse’s  Pathology.  Archinard’s  Bacteri- 
ology. Magee  and  Johnson’s  Surgery.  Ailing,  Griffen  and  Ferguson’s  Eye,  Eai  Nose 
and  Throat.  Schmidt’s  Genito-Urinary  and  Venereal  Diseases.  Schalek’s  Dei  nau  logy. 
Pedersen’s  Gynaecology.  Manton’s  Obstetrics.  Tuley’s  Pediatrics.  DwighJ’t,  .Jurispru- 
dence. Dwight’s  Toxicology. 

LEA  S SERIES  OF  POCKET  TEXT-BOOKS.  See  page  12. 

LE  FEVRE  (EGBERT).  A TEXT-BOOK  OF  PHYSICAL  DIAGNOSIS.  12mo., 
450  pages,  74  engravings,  12  plates.  Cloth,  $2.25,  net. 

LONG  (ELI).  DENTAL  MATERIA  MEDICA  ANO  THERAPEUTICS. 
12mo.,  321  pages,  6 engravings,  18  plates.  Cloth,  $3.00,  net. 

LOOMIS  (ALFRED  L.)  AND  THOMPSON  (W.  GILMAN),  Editors.  A SYS- 
TEM OF  PR  A CTICAL  MEDICINE.  In  Contri  vut ‘.ons  by  V arious  American  Authors. 
In  four  very  handsome  octavo  volumes  of  about  fOc  pages  each,  fully  illustrated  in  black 
and  colors.  Per  volume,  cloth,  $5;  leather  *0 , half  Morocco,  $7.  For  sale  by  sub- 
scription only.  Full  prospectus  free  on  application. 

LYMAN  (HENRY  M.).  THE  PRACTICE  OF  MEDICINE.  In  one  very  hand- 
some octavo  volume  of  925  pages  with  IT)  engravings.  Cloth,  $4.75;  leather,  $5.75. 

MACKENZIE  (JOHN  NOLAND).  THE  DISEASES  OF  THE  NOSE  AND 
THROAT.  Octavo,  of  about  COO  pages,  richly  illustrated.  Preparing. 

MAISCH  (JOHN  M.).  A MANUAL  OF  ORGANIC  MATERIA  MEDICA. 
Seventh  edition,  thoroughly  revised  by  H.  C.  C.  Maisch,  Ph.G.,  Ph.D.  In  one  12mo. 
of  512  pages,  with  285  engravings.  Cloth,  $2.50,  net. 

MALSBARY  (GEO.  E.).  A POCKET  TEXT-BOOK  OF  THEORY  AND 
PRACTICE  OF  MEDICINE.  12tno.  405  pages,  with  45  illustrations.  Cloth,  $1.75, 
net;  flexible  red  leather,  $2.25,  net.  Lea7 s Series  of  Pocket  Text-Books.  Page  12. 
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MANTON  (W  P)  AN  EPITOME  OF  OBSTETRICS.  12mo„  265  pages,  82 
“iUustrations  Cloth,  $1.00,  net.  Lea’s  Series  of  Medical  Epitomes.  See  page  10. 

MANUALS  See  Student*  Quiz  Series,  page  14;  Studentd  Manned*,  page  15;  Clinical 
^Manuals,  page  13;  Medical  Epitomes,  page  10;  Pocket  Text-Books,  page  12. 

a/TATjQW  t wow  AUDI  DISEASES  OF  THE  JOINTS.  In  one  12mo.  volume  of 
MARSH  ( HOW AivU  )•  j I i.»to  (Mntli  Sec  Series  of  Clinical 

468  pages,  with  64  engravings  and  a colored  plate.  Cloth,  *8.  see  series  j 

Manuals , page  13.  . c 

MARTIN  (EDWARD.)  SURGICAL  DIAGNOSIS.  One  12mo.  'volume  of  400 
pages,  richly  illustrated.  Preparing.  ___m 

137 

J22£  £o£  S,  n*;  flexible  leather,  $2.00,  net.  Lea’s  Senes  of  Pocket  Text- 

Books . Page  12.* 

tut  r* t aistmatj  ( A ^ AN  EPITOME  OF  CHEMISTRY  AND  PHYSICS. 
“SSfSf  iJe*  Ulustrated.  Cloth,  $1.00,  net.  Lea’s  Series  of  Medical  Epitomes.  See 

page  10. 

MEDICAL  NEWS  POCKET  FORMULARY.  See  page  1.  $1.50,  net. 

MTTPTTFTL  (JOHN  K)  REMOTE  CONSEQUENCES  OF  INJURIES  OF 
mNERVES  ANDTHEIR  TREATMENT.  12mo.,  239  pages,  12  illustrations.  Cloth, 

$1  75 

MITCHELL  (S.  WEIR).  CLINICAL  LESSON  SO  NfZRVOUS  DISEASES. 

12mo.,  299  pages,  with  17  engravings  and  2 colored  plates.  Cloth,  $2.50. 

MnPpTq  i MAT  POT.M;  DISEASES  OF  THE  SKIN.  Second  edition.  12mo., 
M6(n^ages,  with  10  chromo-lithographic  plates  and  26  engravings.  Cloth,  $3.25,  ne  . 

MORROW  (PRINCE  A.).  THE  RELATIONS  OF  VENEREAL  DISEASES 
WITH  MARRIAGE.  Octavo,  about  450  pages,  with  many  illustrations.  Prepar- 

MULLER  (J.).  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY.  In  sne 

large  8vo.  volume  of  623  pages,  with  538  engravings.  Cloth,  $4.50. 

MUSSER  (JOHN  H ) A TREATISE  ON  MEDICAL  DIAGNOSIS  icr  Students 
MaUndSpEh^sici?n,  Fourthldition.  Octavo,  1104 1 pages  with  250  engrav-ngs  and  49  full- 
page  colored  plates.  Cloth,  $6.00 ; leather.  $/  .00 ; half  morocco,  $7.<- 0,  net. 

NATIONAL  DISPENSATORY.  See  StiUe,  Maisch  & Caspari.  page  )4. 

NATIONAL  FORMULARY.  See  National  Dispensatory,  page  V. 

NATIONAL  MEDICAL  DICTIONARY.  See  Billings,  na-e  3. 

NETTLESHIP  (E.).  DISEASES  OF  THE  EYE.  Sixth  American  from  sixth 
Engitah  edition'  Thoroughly  revised.  12mo„  562  pm  with 1 192  engravings,  5 colored 
plates,  test-types,  formulae  and  color-blindness  test  Cloth,  $2.-0,  net. 

nttprot  ^ ( TOHN  B ) AND  VALE  (F.  P.).  -A  SOCKET  TEXT-BOOK  OF 
HTVTO  f OG  Y AND  PATHOLOGY.  12.nv.\  X 459  pages,  with  213  illustrations. 

■ aofh$175%  ,fl^ble  fefther,  $2.i5,  nr.  Lea’s  Series^  Pocket  Text- Books.  Pagel2. 

NORRIS  (WM.  F.)  AND  OLIVER  ( OHaS.  A.).  TEXT-BOOK  OF  OPHTHAL- 
MOLOGY. in  one  octavo  volume  oi  641  pages,  with  357  engravings  and  o colored 
plates.  Cloth,  $5 ; leather,  $6. 

OWEN  (EDMUND).  SURGICAL  DISEASES  OF  CHILDREN  In  one  12mo. 
volume  of  525  pages,  with  85  engravings  and  4 colored  plates.  Cloth,  $L.  See  Senes  of 
Clinical  Manuals,  page  12 

PARK  (WILLIAM  h>.  BACTERIOLOGY  IN  MEDIC  IN. E A ND  SURGERY. 
12mo.,  688  pages,  87  engravings  in  black  and  colors,  2 colored  plates.  Cloth,  *8.06,  net. 

PARK  (ROSWELL),  Editor.  A TREA  TISE  ON  SURGER  Y,  by  American  Authors. 
For  Students  an4  Practitioners  of  Surgery  and  Medicine.  Third  edition.  In one 
large  octavo  >nlume  of  1408  pages,  with  692  engravings  and  64  plates.  Cloth,  *7.00; 
leather,  $8.00.  net.  Published  also  in  2 volumes  at  $3.75,  net , per  volume,  cloth. 
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PARVIN  (THEOPHILUS) . THE  SCIENCE  AND  ART  OF  OBSTETRICS. 
Third  edition.  In  one  handsome  octavo  volume  of  677  pages,  with  267  engravings  and 
2 colored  plates.  Cloth,  $4.25 ; leather,  $5.25. 

PEPPER’S  SYSTEM  OF  MEDICINE.  See  page  2. 

PEPPER  (A.  J.).  SURGICAL  PATHOLOGY.  In  one  12mo  volume  of  511  pages, 
with  81  engravings.  Cloth,  $2.  See  Students’  Series  of  Manuals , page  15. 

PKIK  (T-  PICKERING).  FRACTURES  AND  DISLOCATIONS.  In  one  12mo. 
volume  of  530  pages,  with  93  engravings.  Cloth,  $2.  See  Series  of  Clinical  Manuals,  p.  13. 

PLAYFAIR  (W.  S.).  THE  SCIENCE  AND  PRACTICE  OF  MIDWIFERY. 
Seventh  American  from  the  Ninth  English  edition.  Octavo,  700  pages,  with  207  engrav- 
ings and  7 full  page  plates.  Cloth,  $3.75;  leather,  $4.75,  net. 


(ADAM).  A TEXT-BOOK  OF  THE  DISEASES  OF  THE  EAR 
AND  ADJACENT  ORGANS.  Third  American  from  the  Fourth  German  edition. 
In  one  octavo  volume  of  896  pages,  with  346  engravings.  Cloth,  $7.50,  net.  Just  Ready. 

POCKET  FORMULARY.  Fifth  edition.  See  page  1. 


POCKET  TEXT-BOOK  SERIES  covers  the  entire  domain  of  medicine  in  eighteen 
volumes  of  350  to  525  pages  each,  written  by  teachers  in  leading  American  medical  col- 
leges.  Issued  under  the  editorial  supervision  of  Bern  B.  Gaelaudet,  M.D. , of  the  College 
of  Physicians  and  Surgeons,  New  York.  Thoroughly  modern  and  authoritative,  concise 
and  clear,  amply  illustrated  with  engravings  and*  plates,  handsomely  printed  and 
bound.  1 he  series  is  constituted  as  follows  : Anatomy ; Physiology  ; Chemistry  and 
Physics ; Histology  and  Pathology;  Materia  Medica,  Therapeutics,  Medical  Pharmacy, 
.Prescription  Writing  and  Medical  Latin  ; Practice ; Diagnosis ; Nervous  and  Mental  Dis- 
eases ; Surgery  ; Venereal  Diseases;  Skin  Diseases;  Eye,  Ear,  Nose  and  Throat; 
Obstetrics ; Gynecology ; Diseases  of  Children  ; Bacteriology ; Nursing ; Massage. 
Special  circular  free  on  application. 


POTTS  (CHAS.  S.).  - 

MENTAL  diseases. 

flexible  leather,  $2.25,  net. 


POCKET  TEXT-BOOK  OF  NERVOUS  AND 
12mo.  of  455  pages,  with  88  illustrations.  Cloth  £1.75  net; 
Lea’s  Series  of  Pocket  Text-Books,  page  12. 


— — A TEXT-BOOK  ON  MEDICINE  AND  SURGICAL  ELECTRICITY. 
Octavo,  about  350  pages,  amply  illustrated.  Shortly. 

(JONATHAN).  A T*>UaTISE  ON  THE 
EYE,  LOSE,  THROAT  AND  EAR.  Octavo,  1251  pager  richly  illustrated  with 
j . ^gravmgs  and  35  plates  in  black  and  colors.  Cloth,  $7 .00 ; leather,  $8.00,  net. 
Just  Ready  Published  also  in  two  volumes.  Vol.  I. , Posey  on  the  Eye.  Cloth,  $4.00, 
net.  Vol.  II.,  Wright  on  the  Nose,  Throat  and  Ear.  C^o.h,  $3.50,  net. 

PROGRESSIVE  MEDICINE.  See  page  1.  Per  annum,  $10.00. 

(CHARLES  ^.).  BRIGHT’S  DISEASE  AND  ALLIED  AFFEC- 
TIONS OF  THE  KIDNEY.  In  one  octavr  volume  of  288  pages,  with  18  engrav- 
ings. Cloth,  $2. 


PY?',a^ITH  (PHILIP  H.).  DISEASE'S  OF  THE  SKIN.  In  one  12mo.  volume 
of  407  pages,  with  28  illustrations,  18  of  v hich  are  colored.  Cloth,  $2. 

QUIZ  SERIES,  See  Students?  S‘Ties,  page  14. 


(CHARLES  H.).  CTjjNICAL  CHEMISTRY.  In  one  12mo.  volume  of 
pages,  with  16  engraving!.  Cloth,  $1.50.  See  Students’  Series  of  Manuals,  page  14. 


^MSENURA).  the  principles  of  theoretical  chemistry. 

-blfth  edition  thoroughly  revised.  In  one  12mo.  volume  of  326  pages.  Cloth,  $2. 

AND  NEWELL  (F.  8.1.  MANUAL  OF  PRACTI- 
LAL  OBSlLTRj.tS.  Octavo,  531  pages,  253  engravings  and  3 plates.  Cloth,  $3.75, 

net.  Just  Ready.  1 


Philadelphia,  706,  708  and  710  Sansom  St.— New  York,  111  Fifth  Avenue . 


LEA  BROTHERS  & CO.'S  PUBLICATIONS. 


13 


RICHARDSON  (MAURICE  H.).  A PRACTICAL  TREATISE  ON  ABDOMI- 
NAL SURGERY.  Octavo,  about  800  pages,  profusely  illustrated  with  engravings 
and  colored  plates.  Preparing. 

RICHARDSON  (BENJAMIN  WARD).  PREVENTIVE  MEDICINE  In  one 
octavo  volume  of  729  pages.  Cloth,  $4. 

ROBERTS  (JOHN  B.).  THE  PRINCIPLES  AND  PRACTICE  OF  MODERN 
SURGER  Y.  Second  edition.  In  one  octavo  volume  of  838  pages,  with  474  engravings 
and  8 plates.  Cloth,  $4.25,  net ; leather,  $5.25,  net. 

ROCKWELL  (W.  H.,  Jr.).  A POCKET  TEXT-BOOK  OF  ANATOMY.  12mo., 
600  pages,  illustrated.  Cloth,  $2.25;  flexible  leather,  $2.75,  net.  Lea's  Series  of  Pocket 
Text-Books.  Page  12. 

/ 

ROSS  (JAMES).  THE  DISEASES  OF  THE  NERVOUS  SYSTEM.  Octavo, 
726  pages,  with  184  engravings.  Cloth,  $4.50;  leather,  $5.50. 

SCHAFER  ( EDWARD  A. ) . THE  ESSENTIALS  OF  IIISTOLOG  Y,  DESCRIP- 
TIVE AND  PRACTICAL.  Sixth  edition.  Octavo,  426  pages,  with  463  illustra- 
tions. Cloth,  $3,  net. 

A COURSE  OF  PRACTICAL  HISTOLOGY.  Second  edition.  In  one 

12mo.  volume  of  307  pages,  with  59  engravings.  Cloth,  $2.25. 

SCHALEK  (ALFRED).  AN  EPITOME  OF  DERMATOLOGY.  12mo.,  225 
pages,  34  illustrations.  Cloth,  $1.00,  net.  Lea’ s Series  of  Medical  Epitomes.  See  page  10. 

SCHLEIF  (WM.).  A POCKET  TEXT-BOOK  OF  MATERIA  MEDIC  A, 
THERAPEUTICS , PRESCRIPTION  WRITING,  MEDICAL  LATIN  AND 
MEDICAL  PHARMACY.  Second  edition.  12mo.,  380  pages.  Cloth,  $1.75; 
flexible  leather,  $2.25,  net.  Lea' s Series  of  Pocket  Text- Books.  Page  12. 

SCHMAUS  (HANS.)  AND  EWING  (JAMES).  PATHOLOGY  AND  PATH. 
OLOGICAL  ANATOMY.  Sixth  edition.  Octavo,  602  pages,  with  351  illustrations, 
including  34  colored  inset  plates.  Cloth,  $4.00,  net.  Just  Ready. 

SCHMIDT  (LOUIS  E.).  AN  EPITOME  OF  GENITO- URINAR  Y AND  VENE- 
REAL DISEASES.  12mo,  249  pages,  21  illustrations.  Cloth,  $J.00;  net.  Lea's 
Senes  of  Medical  Epitomes.  See  page  10. 

SCHREIBER  (JOSEPH).  A MANUAL  OF  TREATMENT  BY  MASS  A GE 
AND  METHODICAL  MUSCLE  EXERCISE.  Translaed  Ly  Walter  Mendel- 
son,  M.D.,  of  New  York.  Octavo,  274  pages,  with  117  engraving1:. 

SCOTT  (R.  J.  E. ).  See  State  Board  Examinations,  pag^ 

SENN  (NICHOLAS).  SURGICAL  BACTERIOLOGY.  Second  edition.  In  one 
octavo  volume  of  268  pages,  with  13  plates,  10  of  whi  h are  colored,  and  9 engravings. 
Cloth,  $2. 

SERIES  OF  CLINICAL  MANUALS.  A Series  of  Authoritative  Monographs  on 
Important  Clinical  Subjects,  in  12mo.  volumes  of  about  550  pages,  well  illustrated.  The 
following  volumes  are  now  ready:  Cirter  and  Frost’s  Ophthalmic  Surgery,  $2.25; 
Marsh  on  Diseases  of  the  Joints,  $2;  Owen  on  Surgical  Diseases  of  Children,  $2  ; 
Pick  on  Fractures  and  Dislocations,  $2. 

For  separate  notices,  see  under  vi,r;ous  authors’  names. 

SERIES  OF  POCKET  TEXT-ECOKS.  See  page  12. 

SERIES  OF  STATE  BOARD  EXAMINATIONS.  See  page  14. 

SERIES  OF  STUDENTS’  MANUALS.  See  page  15. 

SIMON  (CHARLES  E.).  CLINICAL  DIAGNOSIS , BY  MICROSCOPICAL 
AND  CHEMICA1  METHODS.  Fourth  revised  edition.  Octavo,  608  pages,  with 
139  engravings  .no  11  full-page  plates  in  colors.  Cloth,  $3.75,  net. 

PHYSIOLOGICAL  CHEMISTRY.  In  one  octavo  volume  of  453  pages. 

Cloth,  $3.25,  net.  f 
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SIMON  (W.).  MANUAL  OF  CHEMISTRY.  A Guide  to  Lectures  and  Laboratory 
Work  A Text-book  specially  adapted  for  Students  of  Medicine  and  Pharmacy.  Seventh 
edition.  In  one  8vo.  volume  of  613  pages,  with  64  engravings  and  8 plates  showing 
colors  of  64  tests  and  a spectra  plate.  Cloth,  $3.00,  net. 

<5TADE(DD)  DIPHTHERIA;  ITS  NATURE  AND  TREATMENT.  Second 
edition.  In  one  royal  12mo.  volume,  158  pages.  Cloth,  $1.25. 

SMITH  (J  LEWIS).  THE  DISEASES  OF  INFANCY  AND  CHILDHOOD. 
Eighth  edition,  thoroughly  revised  and  rewritten  and  greatly  enlarged.  8vo.,  983  pages, 
wifh  273  illustrations  and  4 full-page  plates.  Cloth,  $4.50;  leather,  $5.50. 

SMITH  (STEPHEN).  OPERATIVE  SURGERY.  Second  and  thoroughly  revised 
edition.  In  one  octavo  vol.  of  892  pages,  with  1005  engravings.  Cloth,  $4;  leather,  $5. 

snTTV  (S  EDWIN).  A HANDBOOK  OF  MEDICAL  CLIMATOLOGY 
Octavo,  462  pages,  with  engravings  and  11  full-page  plates.  Cloth,  $4.00. 

STARR  (M.  ALLEN).  A TREATISE  ON  ORGANIC  NERVOUS  DISEASES. 
Octavo,  about  700  pages,  with  300  engravings  and  27  colored  plates.  Preparing. 

STATE  BOARD  EXAMINATION  SERIES.  Classified  and  Edited  by  R.  J.  E 

Scott  A M.,  M.D.  A series  of  handy,  well  arranged,  12mo.  volumes  of  about  200 
pages  each,  bound  in  flexible  cloth  and  printed  on  paper  suitable  for  either  pen  or  pencil, 
every  other  page  being  left  blank  for  memoranda.  The  respective  volumes  cover  the 
subjects  of  Anatomy;  Physiology  and  Hygiene ; Chemistry;  Surgery;  Obstetrics;  Path- 
ology and  Diagnosis ; Practice,  Materia  Medica  and  Therapeutics.  Shortly. 

STILLE  (ALFRED).  CHOLERA;  ITS  ORIGIN,  HISTORY  CAUSATION, 
SYMPTOMS,  LESIONS,  PREVENTION  AND  TREATMENT.  In  one  12mo. 
volume  of  163  pages,  with  a chart  showing  routes  of  previous  epidemics.  Cloth,  *>1.20. 

THERAPEUTICS  AND  MATERIA  MEDICA.  Fourth  and  revised  edition. 

In  two  octavo  volumes,  containing  1936  pages.  Cloth,  $10. 

STILLE  (ALFRED),  MAISCH  (JOHN  M.)  AND  CASPAR!  'CliAS.  JR.). 

THE  NATIONAL  DISPENSATORY ; Containing  the  Natural  l.story,  Chennstry, 
Pharmacy,  Actions  and  Uses  of  Medicines,  including  those  recogni-,ed  .n  the  latest  Phar- 
macopoeias of  the  United  States,  Great  Britian  and  Germany,  with  numerous  references 
to  the  French  Codex.  Fifth  edition,  revised  and  enlarged  in  acv  or  dance  with  and  embrac- 
ing the  new  U.  S.  Pharmacopoeia , Seventh  Decennial  Revisio a.  \>  <th  Supplement  contain- 
ing the  new  edition  of  the  National  Formulary,  lmperia1  ocu’vj,  2025  pages,  with  320  en- 
gravings. Cloth,  $7.25;  leather,  $8.  With  Thumb  Inde.-.  Cloth,  $/. <5;  leather,  $8.50. 

STIMSON  (LEWIS  A.).  A MANUAL  OF  OPERATIVE  SURGERY.  Fourth 
edition.  In  one  royal  12mo.  volume  of  581  page:,,  with  293  engravings.  Cloth,  $3.00,  net. 


A TREATISE  ON  FRACTURES  AND  DISLOCATIONS.  Third  edition. 

In  one  handsome  octavo  volume  of  842  pages,  with  336  engravings  and  32  full-page 
plates.  Cloth,  $5  net;  leather,  $6,  net;  half  morocco,  $6.50,  net. 

STUDENTS’  QUIZ  SERIES.  A ISeries  of  Manuals  in  question  and  answer  form,  for 
Students  and  Practitioners,  covePng  the  essentials  of  medical  science.  Thirteen  volumes, 
pocket  size,  convenient,  authoritative,  well  illustrated,  handsomely  bound  in  cloth, 
and  issued  at  a low  price.  1.  Anatomy  (double  number);  2.  Physiology;  3.  Chemistry 
and  Physics;  4.  Histology,  Pathology  and  Bacteriology;  5.  Materia  Medica  and  Thera- 
peutics; 6.  Practice  of  Medicine;  7.  Surgery  (double  number);  8.  Genito-Urinary  and 
Venereal  Diseases;  9.  Diseases  of  the  Skin;  10.  Diseases  of  the  Eye,  Ear,  Throat  and 
Nose;  11.  Obstetric  12.  Gynecology;  13.  Diseases  of  Children.  Price,  $1  each,  except 
Nos.  1 and  7,  A.'atmj  and  Surpery j,  which  being  double  numbers  are  priced  at  $1.75  each. 
Full  specimen  circular  on  application  to  publishers. 
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STUDENTS’  SERIES  OF  MANUALS.  A Series  of  Manuals  by  Eminent  Teachers 
or  Examiners.  The  volumes  are  pocket-size  12mos.  of  from  300-540  pages,  profusely 
illustrated,  and  bound  in  red  limp  cloth.  The  following  volumes  may  now  be  an- 
nounced: Herman’s  First  Lines  in  Midwifery,  $1.25 ; Bruce’s  Materia  Medica  and 
Therapeutics  (sixth  edition),  $1.50,  net ; Klein’s  Elements  of  Histology  (5th  edition), 
$2.00,  net;  Pepper’s  Surgical  Pathology,  $2;  Treves’  Surgical  Applied  Anatomy, 
$2.00;  Ralfe’s  Clinical  Chemistry,  $1.50. 

For  separate  notices,  see  under  various  authors’  names. 

STURGES  (OCTAVIUS).  AN  INTRODUCTION  TO  THE  STUDY  OF  CLIN- 
ICAL MEDICINE.  In  one  12mo.  volume.  Cloth,  $1.25. 

SUTER  (W.  NORWOOD).  A MANUAL  OF  REFRACTION  AND  MOTILITY. 
12mo.,  382  pages,  101  engravings,  4 colored  plates.  Cloth,  $2.00,  net.  Just  Ready. 

SUTTON  (JOHN  BLAND).  SURGICAL  DISEASES  OF  THE  OVARIES 
AND  FALLOPIAN  TUBES.  Including  Abdominal  Pregnancy.  In  one  12mo.  vol- 
ume of  513  pages,  with  119  engravings  and  5 colored  plates.  Cloth,  $3. 

SZYMONOWICZ  (L.)  AND  MacCALLUM  (J.  BRUCE).  A TEXT-BOOK  OF 
HISTOLOGY  OF  THE  HUMAN  BODY:  including  Microscopical  Technique. 
Octavo,  437  pages,  with  277  original  engravings  and  57  inset  plates  in  black  and  colors, 
containing  81  figures.  Cloth,  $4.75,  net.  Just  Ready. 

TAIT  (LAWSON'.  DISEASES  OF  WOMEN  AND  ABDOMINAL  SURGERY. 
Vol.  1.  contains  554  pages,  62  engravings,  and  3 plates.  Cloth,  $3. 

TAYLOR  (ALFRED  S.).  MEDICAL  JURISPRUDENCE.  From  the  twelfth 
English  edition,  revised  by  Clark  Bell,  Esq.,  of  the  N.  Y.  Bar.  Octavo,  831  pages, 
with  54  engravings  and  8 full-page  plates.  Cfoth,  $4.50;  leather,  $5.50. 

TAYLOR  (ROBERT  W.).  GENITO-URINARY  AND  VENEREAL  DIS- 
EASES AND  SYPHILIS.  Second  edition.  Octavo,  720  pages,  with  135  engrain  ugs 
and  27  colored  plates.  Cloth,  $5.00;  leather,  $6.00;  half  morocco,  $6.50,  nei 

A PRACTICAL  TREATISE  ON  SEXUAL  DISORDERS  /A  THE  MALE 

AND  FEMALE.  Second  edition.  Octavo,  434  pages,  with  91  en?ra7ings  and  13 
plates.  Cloth,  $3.00,  net. 

A CLINICAL  ATLAS  OF  VENEREAL  ANP  c *v  'N  DISEASES. 

Including  Diagnosis,  Prognosis  and  Treatment.  In  eight  larg°  fr  lio  parts,  measuring 
14  x 18  inches,  and  comprising  213  beautiful  figures  on  58  fu’l-page  chromo-lithographic 
plates,  85  fine  engravings,  and  425  pages  of  text.  Bound  In  one  volume,  half  Turkey 
Morocco,  $28.  Specimen  plates  by  mail. 

TAYLOR  (SEYMOUR).  INDEX  OF  MEDICINE.  A Manual  for  the  use  of  Senior 
Students  and  others.  In  one  large  12mo.  volume  o 8^2  pages.  Cloth,  $3.75. 

THOMAS  (T.  GAILLARD)  AND  MUNDE  (PAUL  F.).  A PRACTICAL 
TREATISE  ON  THE  DISEASES  OF  WOMEN.  Sixth  edition,  thoroughly 
revised.  Octavo  824,  pages,  with  347  engravings.  Cloth,  $5 ; leather,  $6. 

THOMPSON  (W.  GILMAN).  A TEXT-BOOK  OF  PRACTICAL  MEDICINE. 
For  Students  and  Practitioners.  Second  edition.  Octavo,  1014  pages,  with  59  illustra- 
tions. Cloth,  $5.00,  leather,  $6  0b,  Half  morocco,  $6.50,  net.  Just  Ready. 

THOMPSON  (SIR  HENRY).  THE  PATHOLOGY  AND  TREATMENT  OF 
STRICTURE  OF  THE  ORETHRA  AND  URINARY  FISTULJE.  From  the 
third  English  edition.  OiOaro,  359  pages,  with  47  engravings  and  3 plates.  Cloth,  $3.50. 

TIRARD  (NESTOR  . MEDICAL  TREATMENT  OF  DISEASES  AND  SYMP- 
TOMS. HancLx'u^  octavo  volume  of  627  pages.  Cloth,  $4.00,  net. 

TREVES  (FREDERICK).  OPERATIVE  SURGERY.  In  two  8vo.  volumes  con- 
taining 1550  pa^es,  with  422  illustrations.  Cloth,  $9;  leather,  $11. 
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TREVES  (FREDERICK).  A SYSTEM  OF  SURGERY.  In  Contributions  by 
Twenty-five  English  Surgeons.  In  two  large  octavo  volumes,  containing  2298  pages 
with  950  engravings  and  4 full-page  plates.  Per  set,  cloth,  $16. 


SURGICAL  APPLIED  ANATOMY.  New  edition.  12mo.,  577  pages  80 

engravings.  Cloth,  $2.00,  net.  See  Students?  Series  of  Manuals,  page  15. 

TUTTLE  (GEO.  M.).  A POCKET  TEXT-BOOK  OF  DISEASES  OF 

» 1om0'  3/i  P,a&e®>  wit,h  5 Plates-  Cloth>  $L5°.  net;  flexible  leather, 
$2.00,  net.  Lea  s Series  of  Pocket  Text- Books.  Page  12. 

V^GHAN  (VICTOR  C.)  AND  NOVY  (FREDERICK  G.).  CELLULAR 
lUNINb,  or  the  Chemical  Factors  in  the  Causation  of  Disease.  New  (4th)  edition. 
12mo.,  480  pages  with  6 engravings.  Cloth,  $3,  net. 


VEASEY  (CLARENCE  A.).  A MANUAL  OF  OPHTHALMOLOGY.  12mo 
410  pages,  194  engravings,  10  colored  plates.  Cloth,  $2.00,  net.  Just  Ready. 


VISITING  LIST.  THE  MEDICAL  NEWS  VISITING  LIST  for  1903.  Four 
styles : Weekly  (dated  for  30  patients) ; Monthly  (undated  for  120  patients  per  month)  • 
Perpetual  (undated  for  30  patients  each  week) ; and  Perpetual  (undated  for  60  patients 
each  week).  The  60-patient  book  consists  of  256  pages  of  assorted  blanks.  The  first 
three  styles  contain  32  pages  of  important  data,  thoroughly  revised,  and  160  pages  of 
assorted  blanks.  Each  in  one  volume,  price,  $1.25.  With  thumb-letter  index  for  quick 
use,  25  cents  extra.  For  special  combination  rates  see  page  1. 


WATSON  (THOMAS). 

TICE  OF  PHYSIC. 
two  8vo.  volumns  of  1840 


LECTURES  ON  THE  PRINCIPLES  AND  PR  AC- 
Fifth  edition  with  additions  by  H.  Hartshorne,  M.D.  In 
pages,  with  190  engravings.  Cloth,  $9. 


WHARTON  (HENRY  R.).  MINOR  SURGERY  AND  BANDAGING.  Fifth 

in1110  ’ 640  pages>  with  609  engravings,  many  of  which  are  photographic. 
Cloth,  $3. 00,  net.  ° r 


WHITMAN  (ROYAL).  ORTHOPEDIC  SURGERY.  One  octavo  volume 
642  pages,  with  447  illustrations,  mostly  original.  Cloth,  $5.50,  net. 


of 


WHITLA  (WILLIAM).  DICTIONARY  OF  TREATMENT 
pages.  Cloth,  $4. 


Octavo  of  917 


DAWSON)  DISEASES  OF  INFANCY  AND 

V AT  vr TC  k*cond  edition  specially  revised  for  America  by  F.  S.  Churchill 

A.M.,  M.D.  Octavo,  538  pages,  52  engravings  and  2 cc’orea  plates.  Cloth,  $3.50,  net. 


WILSON  (ERASMUS).  A SYSTEM  OF  HUMAN  ANATOMY. 
octavo,  616  pages,  with  397  engravings.  Cloth,  S4 ; leather,  $5. 


Revised  edition, 


WINCKEL  ON  PATHOLOGY  AND  TREATMENT  OF  CHILDBED  In  one 
octavo  volume  of  484  pages.  Cloth,  $4.  • 

Wpfimvwn0En?'  AI?LIFD  VJRGI0AL  ANATOMY  REGIONALLY 
1 RESENTED.  Octavo,  511  imp,  with  125  original  illustrations  in  black  and 
colors.  Cloth,  $5.00;  leather,  $6.90,  net.  Just  Ready. 

YEAR-BOOK  OF  TREATMENT  FOR  1898.  In  contributions  by  24  well-known 
medical  writers.  12mo.,  488  p»ges.  Cloth,  $1.50. 

YOUNG  (JAMES  K ).  ORTHOPEDIC  SURGERY.  In  one  8vo  volume  of  475 
pages,  with  286  lllustrafons.  Cloth,  $4 ; leather,  $5. 

ZAPFFE  (FRED  0.;  A POCKET  TEXT-BOOK  OF  BACTERIOLOGY.  12mo  , 
S2°nnale/S  W,'Vp  engravings  and  7 colored  plates.  Cloth,  $1.50;  flexible  leather 
$2.00,  net.  Just.  Ready.  Lea’ s Series  of  Poeke-t  Text- Books.  Page  12. 
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